Georgia Newborn Screening Manual

for

Metabolic Diseases & Hemoglobinopathies

A Practitioner’s Guide

Georgia Department of Human Resources
Division of Public Health
Family Health Branch




GEORGIA NEWBORN SCREENING MANUAL

CONTENTS
INErOdUCTION . . . . oo e 1
The Collection of Newborn Screening SPeCIMENS . . . . v v vttt e e e e e e 3
Metabolic and Hemoglobin Screening NOtICe .. .. ...t 7
Screening The Critically Il and Premature Infant .. .................... ... ..... 8
Newborn Screening FOrm 3491 ... ... 9
Newborn Screening INStructions . . ... . oottt 10
What Do I DO I . .. 14
Understanding Metabolic Disorders
Summary Table Metabolic DiSOrders .. ... ...... ... 20-21
Phenylketonuria (PKU) . . . . oot e 22
YOS NI .« . vt et e e e e e 25
HOMOCYSEINUIIA . . . . ottt et e et e e e e e e e e e e e e e e e e e e 27
Maple Syrup Urine Disease (MSUD) . . ... oottt e e 28
GalaCtoSBIMIA . . v v vttt et e e 29
Congenital HypothyroidisSm . .. .. ..ot e e 32
Congenital Adrenal Hyperplasia (CAH) . . ... e 34
Understanding Abnormal Hemoaglobins
Hemoglobinopathies . .. .. .. ..ot e 38
S/Beta ThalaSSemia . . .. oottt e e e e e e 40
Bart’s Hemoglobin And Alpha Thalassemia . ............. ... 42
Beta Thalassemia Minor, Intermedia and Major . .................. ..., 44
CONCIUSION .« v o v et et e 47
Summary Table Hemoglobin Results ... ......... . i 48
Sickle HEMOQIODIN . . . ..o 49
Hemoglobin C . ... 51
Bart’s Hemoglobin And Alpha Thalassemia . .............iiin ... 52
Beta Thalassemias . ... .. ..ottt e e e e 54
Hemoglobin F ... o 56
Hemoglobin E . ... .. 57
Hemoglobin ‘D . . . . o 58
Hemoglobin ‘7 . ... 59
Hemoglobin G - Philadelphia . .......... .. e 60
Hemoglobin Constant SPring . .. .. ..o ittt 61
Hemoglobins ‘N . ..o 62
Hemoglobin O - Arab . . .. ..o 63
GOIgIA LaAW . .ttt e 65
DHR Rules and Requlations . .. ... .ot e e 69

RESOUICES . . o ittt e 74



INTRODUCTION

The Georgia Newborn Screening System (NBS) has five conponents of
di sease prevention including:

1. Screening: universal testing of all newborns

2. Fol lowup: rapid retrieval and referral of the screen-
positive newborn

3. Medi cal Diagnosis: confirmation of a normal or abnornal
screening test result by a private physician or tertiary
treatment center

4. Managenment: rapid inplenmentation and |ong-term planni ng of
t her apy

5. Eval uation: validation of testing procedures, efficiency of
followup and intervention, and benefit to the patient,
fam |y and society. Include consideration of adding other

tests to the systemas indicated by appropriate research and
scientific evidence.

Newborn screening is an essential, preventive public health function to
identify at risk infants in the first few days of life so that early
intervention can be inplenented to prevent severe nental retardation

chronic disability or death. The cost of these disorders when |eft
untreated is enornous, both in human suffering and in economc terns.
Ceorgia law directs that a statew de network for genetics services be
devel oped as a cooperative effort between public health, appropriate
medi cal centers and private practitioners.

The goal s of the Georgia Newborn Screening Systemare to ensure that:

1. Every newborn in CGeorgia has a specinmen collected for newborn
screening tests prior to discharge fromthe hospital regardl ess of
t he age of the baby.

2. If the baby is discharged prior to 48 hours after birth the
hospital adm ni strator or his/her designated representative nust
give the parent(s) witten and verbal instructions to have the
baby tested again prior to one week of age.

3. Al infants whose test results are outside the normal Iimts for
a newborn screening disorder receive pronpt and appropriate
confirmatory testing.

4. Al'l newborns diagnosed with a netabolic disease or henogl obin
abnormality are entered into and nmai ntai ned on appropriate mnedi cal
t her apy.

Achi eving these goals is dependent upon coordi nated, systematic efforts
fromthese groups:



1. Hospital s are responsible for the collection, |abeling and mailing
of the first screening specinens, and for informng the parents or
guardian both verbally and in witing when a second specinen
shoul d be collected prior to one week of age.

2. The Practitioners are responsible for pronpt collection and
subm ssion of repeat specinens if indicated, by screening results
or timng of first specinen; nedical care; provision of parent
education, support and when needed, referral to specialty care.

3. The Georgia Public Health Laboratory is responsible for specinen
anal ysis, record keeping (as per CLIA (88) requirenents), quality
control of laboratory nethods and notification of results to
hospitals, practitioners and foll ow up prograns.

4. The Followup Prograns are responsible for tracking abnornal
screening results, diagnosed cases, linking confirmed cases to
appropriate nedical care and serving as a source of information
about the newborn screening disorders for practitioners, parents

and consuners. The Metabolic Foll ow up Prograns wll Dbe
coordinated by the Dvision of Medical Genetics at Enory
Uni versity. The Sickle Cell D sease Followup Prograns wll be

coordinated by the Sickle Cell Center at Grady Hospital and Sickle
Cell Center at Medical College of Ceorgia.

5. The Cenetics Program is responsible for (1) nonitoring and
eval uating newborn screening practices (2) developing a quality
control program (3) electronic data surveillance and tracking
systemincl udi ng mai ntenance of long termresults (4) facilitating
conmuni cation between practitioners, the | aboratory personnel and
the followup team (5) providing ongoing education for
practitioners, and (6) reporting results to state and federa
officials and to the public.

This manual describes the operational requirenments of the newborn
screening system the disorders currently screened for by the program
standards for followup of abnormal screening test results and
appropriate nedi cal managenent of di agnosed cases.



THE COLLECTION OF NEWBORN SCREENING SPECIMENS

Responsibility for perform ng newborn screening is assigned by | aw as
follows: “When a live birth occurs in a hospital the physician shal
have a specinmen of the infant’s blood taken prior to the infant’s
di scharge from the hospital”, and, “Wen a live birth occurs in a
facility other than a licensed hospital, it shall be the responsibility
of the person in charge of the facility or the person in attendance, to
give witten notice to the parents, guardian or other legally
responsi bl e person of the legal requirenents for the newborn to be
tested and to advi se where testing can be obtained.”

Timng of screening: State rules require that a blood specinen be
col l ected between forty-eight (48) hours after birth and no | ater than
when the infant is one week old. It is preferable to obtain the first
speci men 24 hours after the first protein feeding in order to detect
Phenyl ket onuri a (PKU). However, the State rules require that if the
infant is discharged before 48 hours after birth, a bl ood speci nen nust
be <collected prior to discharge. In addition, the hospita
adm nistrator or a designated representative nust provide witten
notice to the parents, guardian or |legally responsible person that the
i nfant nmust be tested again prior to one week of age. Discharging a
newborn wi thout collecting a specinmen, even with the intent to collect
it later, greatly increases the risk of mssing an infant affected with
one of the screened di sorders.

Transferred infants: Since the responsible party is the one who
attended the delivery of the newborn, in the event of transfer to
another facility shortly after birth or before screening has been
acconplished, the transferring facility must ensure that the next
facility is aware of the need for screening and should docunent this in
their records.

Transfusion: If a newborn is to receive a transfusion, collect a
specimen prior to the transfusion since even small transfusions may
i nval i date gal act osem a and henogl obin screening test results. |If the
infant is less than 48 hours old or has not been on a protein diet for
24 hours, collect a second sanple for newborn screening one week after
the last transfusion and a third sanple two nont hs post transfusion.

Premature infants may have persistent abnormalities in newborn
screening test results wthout having an abnormal condition
Prematurity may be associated with physiological elevation of 17-
hydr oxypr ogest erone (17-0OHP) and reduction of thyroxine. Testing for
PKU and ot her disorders can be affected by Total Parenteral Nutrition
(TPN) and antibiotics. Gal actosem a results can be affected by
antibiotics. A premature infant should receive the first screen before
seven days of age.




A premature infant with abnormal newborn screening results should be
rescreened at one nonth of age, at the time of discharge (whichever
cones first) or when requested by the NBS system Physi cal or
met abol i c signs suggestive of the presence of a screened condition
should pronpt inmrediate and appropriate diagnostic testing for the
suspected disorder. (See Screening the Critically Ill and Premature
| nfant, page 8)

Reports of screening results and notice of unsatisfactory specinens are
mailed to the physician usually within 7 days of receiving the
speci men. Abnormal results are communicated i mediately to foll ow up
progranms to assure appropriate retrieval and foll ow up. A Voi ce
Response System (VRS) to allow 24 hour access to |aboratory testing
results is being installed, and is expected to be operational by
Cctober 1, 1998. Call Mithukri shnan Ramachandran, Ph.D. at (404) 327-
6800 or (404) 327-7937 for nore VRS enrol |l nment information.

Blood Collection: doves should be worn for personal safety. Care
shoul d be taken to avoid contam nation of blood collection circles with
antiseptic solutions, powders, lotions or other materials which my
adversely affect the testing process. A videotape describing proper
col l ection procedures and posters illustrating proper blood collection
and i nadequate specinmen are available fromthe Genetics Program (404)
679- 0547.

Pr ocedur e:

1. Position the infant wwth feet | owered below the heart to help to
i ncrease the bl ood flow

2. Warmthe heel to increase the blood flowto the area by covering
the puncture site for three to five mnutes wth a warm noi st
towel which has been run under tap water at a tenperature of not
nmore than 42 degrees centigrade or 107.6 degrees F

3. Clean the puncture site with a sterile alcohol pad. Wpe dry with
sterile gauze. Excess alcohol nay cause henolysis and denature
sonme of the enzynes tested.

4. Use a sterile disposable lancet with a 2.45 mmtip or an automatic
| ancet e.g., Tenderfoot ™device, to performa swift clean puncture
in the areas indicated on the diagram Wpe away the first drop
of blood with dry sterile gauze.

Recommendati on for Heel Puncture Site in Newborns

Perform punctures on the nost lateral portions of the plantar
surface (in the colored portion of the foot).



5. Allow a large drop of blood to form To enhance bl ood flow during
col l ection, very gentle intermttent pressure may be applied to
the area surrounding the puncture site. Excessive “m | king”
causes an adm xture of tissue fluids wth the blood specinen,
i nvalidating the specinen.

6. Do not use a capillary tube. Lightly touch the filter paper
against a large drop of blood and allow a sufficient quantity of
bl ood to soak through to conpletely fill the circle. Apply bl ood
to one side of the filter paper only, allowing full saturation of
each circle area. Either side may be chosen for this procedure.

Fill all circle areas. Do not | ayer successive snmall drops of
bl ood to the sanme circle. Avoid touching or snearing the bl ood
spot s.

7. If blood flowis dimnished, repeat steps three through six with

sterile equipnent.

8. Allow the blood specinens to air-dry for at least 3 hours,
preferably 4 hours, on a flat, nonabsorbent surface protected from
heat or direct sunlight. Do not refrigerate the sanples.

9. Mail collection forms to the Georgia Public Health Laboratory
within 24 hours of collection. Do not accunul ate speci nen before
mai ling since this may result in specinen too old to test. \Wen
placing nore than one specinen in an envelope, alternate
orientation of collection forns so that bl ood spots on adjacent
forms are not in contact. Delayed subm ssion to |aboratory may
result in significant delay in identification of an infant with
met abol i ¢ or henogl obi n di sorder.

Unsati sfactory Specinens: The State Public Health Laboratory receives
many bl ood spot specinens in a condition unacceptable for testing

Certain types of specinmens are known to give invalid results. These
include old specinens or those with inconpletely filled, abraded,
di scolored, diluted or clotted spots and those show ng serum “rings”.
The newborn screening report w il state “UNSATI SFACTORY - PLEASE
RESUBM T”. Submtting invalid specinmens results in the inconveni ence
of retesting and delays the screening of the newborn, placing the
newborn at risk for delayed diagnosis of a screened condition. THE
| NFANT MUST BE RE- SCREENED AS SOON AS PCSSI BLE

8OO

The Laboratory makes four 1/8” punches from each “circle”. It is
necessary that blood fills up the entire circle and soaks through the
filter paper but does not alter the honogeneity of the filter paper
surface. (Excess application nust be avoi ded)

Parents Refusal to have the baby tested: Religious grounds are the only




valid reason for refusal of newborn screening. |If a parent objects to
testing based on religious grounds, a hospital official is to inform
the parent of the consequences of refusal (possible infant death or
retardation) and require the parent to conplete a statenent indicating
their declination of newborn screening for religious reasons. Thi s
signed refusal should be retained in the record of the physician,
m dwi fe or person attending the delivery.

Recor di ng Newborn Screening Results: Each hospital, doctor or mdwfe
caring for an infant should docunent that newborn screening has been
done, the results, when it was done and by whom

Responding to requests for rescreening: The hospitals, public health
clinics and gentics centers nmay request, by phone and letter, that an
i nfant be retested.

1. When subm tting a specinmen for repeat testing, note if the |ast
name has changed from that given at birth. G ve the hospita
facility code nunber (not that of the hospital of birth) where you
want the hard copy of the results to be mail ed.

2. G ve the conplete information requested on form #3491. Make
certain all copies are legible. Gve the nane of the physician
who is to provide followup on the infant.

3. Use the DHR kits only. The filter paper collection kits are to be
used on or before the expiration date printed on the filter paper
margin. Destroy all outdated kits imredi ately and request a new

suppl y.

4. When collecting a repeat specinen, please check the appropriate
boxes on form #3491.

Exanpl es:
(a) The first test was unsatisfactory. “Check ROUTI NE RETEST”.

(b) The infant was di scharged before 48 hours old, “Check ROUTINE

RETEST” .

(c) The infant is premature or low birth weight. “Check ROUTI NE
RETEST” .

(d) The infant had a previous abnornmal test result. “Check PRI COR

ABNORMAL” requested by the State Laboratory.

(e) The physician routinely retests for the netabolic disorders.
“Check ROUTI NE RETEST”.

(f) The physician retests a previously diagnosed case - “Check
DI AGNOSED CASE”.



METABOLIC AND HEMOGLOBIN SCREENING NOTICE

|, the parent of Baby , understand that
Ceorgia lawrequires that all infants born in Georgia have the Newborn
Screening test perforned, unless the parent’s object to such testing
for religious reasons.

The Newborn Screening Test, which tests for a nunber of inherited
di sorders, involves the collection of blood obtained by pricking the
heel of the baby’s foot. Tenporary pain m ght be experienced during
the collection procedure. The inherited disorders are gal actosem a,
mapl e syrup urine di sease, honocystinuria, phenylketonuria, tyrosinens,
hypot hroi di sm congenital adrenal hyperplasia and henogl obi n di sorders
as of Cctober 1, 1998.

| understand that if the Newborn Screening Test detects one of
t hese inherited disorders, appropriate treatnent nmay be provi ded and

irreparable injury or death may be prevented. |If one or nore of these
di sorders exists but is not detected, nental retardation, physica
handi caps or death may result. | understand that this test does not

check for all genetic disorders.

I understand that the Newborn Screenlng Test descri bed above nust

OF AGE. | UNDERSTAND THAT TH'S TEST CAN BE PERFORMED AT My CH LD S
DOCTOR' S OFFICE, A HEALTH DEPARTMENT CLINIC, OR AT THE HOSPI TAL
LABORATORY

| acknowl edge that | have received and understand the above
i nformation about the Newborn Screening Test and that | have been given
an opportunity to ask questions and receive additional information and
an opportunity to refuse the test, if | object for religious reasons.

Parent (s) Dat e Ti me

Wt ness Dat e Ti me




SCREENING THE CRITICALLY ILL AND PREMATURE INFANT

Infants in the neonatal intensive care unit (NCU have so nmany
critical needs that their Newborn Screening test may be overl ooked. It
is advisable to establish a protocol to be sure that this screening is
done.

* Hospitals transferring a sick neonate to a NI CU shoul d docunent in
the record whether the first newborn screen has been done.

* The receiving NI CU shoul d note whet her newborn screeni ng has been
done. If not, the neonate should have newborn screening done

within the first 7 days of life and this should be docunented in
the record and reported to the transferring hospital.

* The newborn screening test should be done before a transfusion is
given. Unscreened infants transfused before adm ssion to the N CU
shoul d be screened regardless, but will need rescreening 3 nonths
post transfusion.

* Screening for PKU and gal actosem a is nost accurate 48 hours or
more after the infant has received enteral feedings. Adequat e
enteral feeding is considered to be at |east 75 cal ories/kg/ day.
If a neonate is screened before having or retaining enough mlk
feedings to provide accurate results for amno acid tests and
gal actosem a screening, “insufficient mlk intake” should be noted
on a normal report as a remnder that repeat screening is
i ndi cat ed. A normal screen in an infant who has insufficient
enteral intake does not rule out netabolic disease. Tot al
parenteral nutrition may cause a fal se positive test for PKU and
several other disorders. Feeding soy fornmula may result in a
fal se negative gal actosem a test because gal actose accunul ati on
depends on | actose ingestion. Infants with classic gal actosem a
are treated frombirth with gal actose-free diets are spared the
acute conplications of gal actosem a.

* An abnormal screening test result should be noted in the chart and
if the premature/ill infant shows clinical signs conpatible with
the disorder, confirmatory testing should be inmedi ately done. |If

the child shows no signs of the disorder, repeat screening should
be done by age 4 weeks or at discharge, whichever occurs first.
A tickler systemis advised to assure appropriate foll ow up.



NEWBORN SCREEING UNIT, GDHR PUBLIC HEALTH LAB

GA.STATELABUSEONLY
DO NOT WRITE IN THISSPACE

1. QNS 2. Oversa. 3. Ddayed 4. Contam. 5. Uneven Soak 6. Cap
7.0BS 8. Crump. 9. Retest <48 hrs. callection 10. RU 11. NB
12,11 13. Blood regttached to form

METABOLIC AND SCKLE CELL DISEASE TEST

1STTESTO ROUTINE RETEST O DIAGNOSED CASE [0
(Prior Abnormd)  REQUESTED BY STATELAB [

ALL INFORMATION MUST BE PRINTED

Infant’s
Uniquel.D.

Infant’sName:
(last, first)

Birth
Dae

Mo.

Day Yr.

Hospitd 3 digit
of Birth:  code

ID#

Name
abbrev.

Dae Mo.
Collected: ]

Day
I

Yr.

Birth Lbs. Premaure

Time

Weight Oz NOQO YesQ ofBirth

Sec MO FO

AM  Timeof
PM  Collection

22

PRE-ANALYSISINTERFERENCES Antibicics NOO YESO
Tranduson NOQ YES O Date

RACEETHNICITIY Whited BlackO HispanicO
Asan O AmeicanIndia/AlaskaNeative O
Multiracid [ Unknown

PROTEIN feading Brees Formulad Both O
If formula, Trade Name

Mother’sName]
(last, first)

Mother' s Address: |

City/State:

Zip

Mother'sAge]

Phone:

County of
Residence:

Form 3491 (Rev. 10/96) LAB DATA ENTRY COPY

CIinician’s|

Name:

Address.

Zip

Clinician Phonett

To Report Abnorma Results

OO0O0O0OO

S& S#903™ Lot #W-961 (EXP. 12/31/98)



2a.

1

2b.

INSTRUCTIONS

CGeorgia’s Neonatal Screening Program tests for Phenyl ketonuria
(PKU) , Maple Syrup Uine Disease (MUD), Honocysti nuri a,
Tyrosinem a, Galactosem a, Hypothyroidism Congenital Adrenal
Hyperpl asia (CAH) and Sickle Cell Di sease between 48 hours and 1
week of life. Exceptions include infants who are di scharged early
or those who receive transfusions. These infants should have a
speci men col | ected before discharge or transfusion. A repeat test
shoul d be done by 7 days of life or 1 week after transfusion and
2 nonths after transfusion.

This information is vital for identification and |ocation of
infants for followup of abnormal test results; it nust be
accurate, |egible and conplete.

Conputerized renote data entry is also avail able. El ectronic
transm ssion of adm ssions record information to the hospita
| aboratory and then to the CGeorgia Public Health Laboratory is
time-saving and elimnates possible transcription errors. For
nmore information, interested facilities should contact the CGeorgia
Public Health Laboratory at (404) 327-6800 or (404) 327-7937.

| nffants Unique |.D.

1 2 3

Mot her’ s Soci al Security Nunber

Del i very 3. Multiple Births

First Leave bl ank for single birth

Second Wite Al or Blfor twins A or B

Wite Alor [Blor|cC]| for

triplet Aor Bor C

| f nother has no Social Security nunber, use:

1. Mdtther’'s birthdate, e.g., August 21, 1978 = 082178, plus
2. Mnth of baby’ s birth, e.g., August = 08, plus

3. Last digit of the year, e.g., 1999 =9

o812 (- 11 (7-(8|0f8[9]-]0]12]-|A

Exanpl e:

mm dd/yy/ mm'y 082178089-01-A for Twin A born on August (08) 99
(only the last digit 9) for the nother with the
date of birth 8/21/78.

10



Ri ght side of form

I nfant’ s Nane:

Birth Date:
| D#:
Hospital of Birth:

Dat e Col | ect ed:

Sex:
Birth Wi ght:
Prenmat ur e:

Tinme of Birth:

Time of Collection:

Mot her’ s Nane:

Mot her’ s Addr ess:
City/ State:

Zi p Code:

Mot her’ s Age:

Phone:

County of Residence:

Clinician’ s Nane:

Addr ess:
Zi p Code:

Clinician’s Phone#:

Print legibly, one letter in each block, the infant’'s
| ast nane and first nane or Baby Boy, Baby G rl

Print the nonth, day, year of birth

Print in your nedical record |D#

Print inthe 3 digit code of your hospital and the nane
or abbreviated nane of your hospital. If you are
collecting a bl ood specinen for a retest, please provide

the nane of the hospital/facility where you want the

hard copy of the results mail ed

Print in the nonth, day, year that the sanple was
col l ected
Mark Mal e or Fenal e

Record the baby’'s birth weight in pounds and ounces
Mark Yes or No

Record the tine of the baby’'s birth, be sure to include
A M or P.M

Record the tine that the specinmen is collected, be sure

to include AM or P.M

Print the nmother’'s |ast name, then first nane
Print the nother’s street address

Print the nother’'s city and state of residence

Print the nother’'s zip code
Record the nother’'s age at date of delivery

Print the nother’s area code and phone nunber

Print the nother’s county of residence
Print the nane of the primary care provider who will be
providing care to the baby after discharge from the

hospi t al
Print the address of the above prinmary care provider
Print the clinician’s zip code

Record the area code and phone nunber of the above

physi ci an

11



Left side of form

1

10.

11.

12.

13.

14.

1st test; Routine Test; D agnosed Case; (Prior Abnormal) Requested by
State Lab: Put an (x) in one of the boxes

Anti bi otics: Mark Yes or No. If yes, wite in the nane of the
antibiotic above the yes. If the antibiotic
affects the bioassay, the | aboratory will request
a repeat test.

Tr ansf usi on: Mark Yes or No. If yes, record the date of |ast
t ransf usi on

Race/ Et hnicity: Mar k one box

Protei n Feedi ng: Mar k Breast, Fornula or Both. If forrmula, print

the trade nane of the formnula.

When col l ecting blood, fold back the cover sheet to expose filter paper
Do not touch or handle filter paper before or after applying bl ood.

C ean puncture site with 70% al cohol; allow to dry. Make puncture using

sterile lancet with 2.45nmm point. Wpe away first drop bl ood. When
second | arge drop appears, touch filter paper to drop. Allow blood to
saturate through the filter paper to fill the circle both in the front
and back but do not |ayer drops one upon another. Fill all six circles

with blood. For a copy of the Video on blood collection, call 404-679-
0527.

Before re-folding back cover sheet, allow blood to dry. Place form at
edge of table so blood does not touch anything during drying period
Form nmust be in horizontal position.

CAUTION: Do not collect blood in capillary tubes and apply to filter
paper. Testing nust begin within 6 days after collection. A delay in
testing results in deterioration of the specinmen. Antibiotics which
interfere wth t est; Penicillin G Kananyci n, Methicillin,
Chl or anpheni col, Anpicillin and Oxytetracycli ne.

The State Laboratory assunes responsibility for testing only; whoever
submts specinens nust assunme liability for proper identification
coll ection and pronpt delivery of specinens to the State Lab

Test results will be conputer generated.

Store kits in cool, dry place

Order no nore kits than can be used in 6 nonths.

Mai | specinen no later than 12 hours after collection to:

Ceorgia Public Health Laboratory
1749 d ai rnont Road
Decatur, GA 30033-4053

12



WHAT DO | DO IF?



WHAT DO |1 DO IF?

NEWBORN SCREENING

1

| WANT A COPY OF THE | NFANT' S NEWBORN SCREENI NG RESULTS?
Cal | the Voice Response System at (404) 321-2293 or 2294 or 2297.

| WANT TO HAVE AN | NFANT TESTED FOR THE FI RST TI ME?

Use the Newborn Screening Metabolic and Sickle Cell Disease Test
Kits, Form 3491, to obtain the blood sanple fromthe infant. Test
Kit can be obtained by calling the State Public Health Laboratory

at (404) 327-7920.
bl ood.
Heal t h Laboratory.

Fol l ow the instructions sheet for collecting
Submit the collected blood sanple to the Georgia Public

| AM ASKED TO COLLECT A SPECI MEN FOR REPEAT TESTI NG?
Foll ow the instructions you received in the letter requesting you

to obtain the bl ood sanple.

Make certain that you nake a notation

on the formin red ink that the child had a prior abnormal test

result. (See page 6)

| AM ASKED TO TEST A PREMATURE | NFANT, A SI CK | NFANT OR AN | NFANT
VWHO HAS HAD AN EXCHANGE TRANSFUSI ON? ( See page 8)

| NEED TO TALK W TH SOVEONE AT ONE AT THE TERTI ARY CENTERS?

Call for netabolic:
Enory University
Di vi si on of Medical Cenetics

(404) 727-0486 during business

hour s
After hours/holidays (404)
778-5000, ask for Ceneticist
on call

or
Medi cal Col | ege of Ceorgia
Pedi atric Cenetics
(706) 721-2809

Call for sickle cell:
Medi cal Col | ege of Georgia
Pedi atric Sickle Cell Center
HF 1107
Augusta, GA 30912-3730
(706) 721-0174

or
Ceorgia Sickle Cell Center
Grady Menorial Hospita
(404) 616-3572

THE BABY | S BEI NG BREAST FED AND NEEDS A METABOLI C SCREEN?

Breast mlk is an adequate protein chall enge.

Col | ect the bl ood

when t he baby has been on protein feeding at |east 24 hours and

the infant is 48 hours ol d.

| F THE CH LD HAS MOVED HERE FROM OUT OF STATE?

Retest the child since not
di sorders.

states screen for the sane

14



10.

11.

12.

13.

A CH LD WHO APPEARS NORMAL HAS A PCSI Tl VE GALACTOSEM A SCREENI NG
TEST?

This is a potential Medical Energency!! Locate the baby
imedi ately. Change the infant's formula to a soy formula such as
| som |, Prosobee, etc. Repeat the gal actosem a screening test.

Contact the tertiary genetics center for further instructions.

A PREMATURE | NFANT CONTINUES TO HAVE LOW T, TEST RESULTS AFTER
SEVERAL REPEAT TESTS?

Contact Karen Ginzaid, MS. or Sharel Breen, R N at Enory
University (404) 727-0486.

THE | NFANT | S RECEI VI NG ANTI BI OTI CS?

Submt the bl ood specinmen within the proper tine frame. Indicate
which antibiotic the infant is taking. |If the antibiotic affects
t he bi oassay, the |laboratory will request a repeat test.

| F THE T, CONCENTRATI ON | S ELEVATED?

Qur screening nethod detects |ow concentration of T, and,
therefore, it is not sensitive for very high concentrations. Qur
screening nethod is not intended to detect hyperthyroidism

A TEST COVES BACK ABNORVAL, DO | HAVE TO FILL ALL THE Cl RCLES ON
THE REPEAT TEST SPECI MEN W TH BLOCD?

No. Three or four properly filled circles of blood are
sufficient. Be sure, however, to indicate that you are submtting
for repeat testing and not an initial test request. For exanple,

if the report fromthe initial test is positive for gal actosem a

collect the new sanmple of blood on the filter paper outfit, 3491.

Fill in the requested information, check repeat box at the top of
the formand wite next to the box "REPEAT GAL"

| AM HAVI NG TROUBLE COLLECTI NG BLOOD, SHOULD | TRY TO GET SOME
BLOOD | NSI DE EACH Cl RCLE?

No. It is better to have 3 or 4 fully filled circles than 6
partially filled ones.
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HEMOGLOBIN TESTING

1.

| NEED | NFORMVATI ON ON A HEMOGLOBI N | AM NOT FAM LI AR W TH?

Cont act the Augusta Conprehensive Sickle Cell Center

(706) 721-0174 or the CGeorgia Sickle Cell Center at G ady Menorial
Hospital (404)616-3994.

| SUBM TTED A SPECI MEN FOR TESTI NG FOR SI CKLE HEMOGLOBI N AND THE
TEST RESULTS CAME BACK W TH ANOTHER TYPE OF HEMOGLCBI N.

The testing procedure is Isoelectric Focusing which detects many
henogl obi n variants - nost of which do not cause di sease. Because
they are genetic in nature, the famly should be nmade aware of
this finding.

| HAVE A PATI ENT WHO NEEDS TREATMENT FCR A SI CKLE CELL CRI SI S?
Contact either the Grady Hospital Sickle Cell dinic

(404) 616- 3572 or the Augusta Sickle Cell Center (706)721-0174 for
pediatrics or (706) 721-2171 for adults. These centers will help
you find appropriate l|ocal resources and/or provide you wth
clinical information.

| NEED LI TERATURE TO G VE MY PATI ENTS | N COUNSELI NG SESSI ONS?
Contact the Georgia Division of Public Health, Genetics Program
O fice at (404) 679-0529 or 0530.

SHOULD PATI ENTS (CHI LDREN OR ADULTS) W TH HEMOGLOBI NOPATHI ES BE
TREATED W TH | RON?
Patients with clinically significant henogl obi nopat hi es shoul d not
receive long termiron therapy w thout appropriate iron binding
studi es or other diagnostic tests. Fornulas do not contain enough
iron to be harnful.

| NEED TO SUBM T A SECOND LI QUI D BLOOD SAMPLE TO CONFI RM A SI CKLE
CELL DI SEASE?
Submt a 2-4 m sanple of EDTA bl ood to:

Medi cal Col | ege of Georgia
Henogl obi n Laboratory

1120 15th Street

AC 1004

August a, Georgia 30912

For further information, call Leslie Holley at (706) 721-9640 or
Abdul I ah Kutlar, MD. at(706)721-2171.

16



GENERAL QUESTIONS

1.

VWHY IS | T NECESSARY TO RETEST SOMVE BABI ES SEVERAL TI MES?
Premature babies may have immture enzyne systens or thyroid

functioning. It may be necessary to nonitor their progress to be
certain they reach normal |evels. Collecting blood specinmens 48
hours after birth, if possible, and wusing correct specinen

collection procedures will avoid several repeat tests. Care nust
be taken to see that the collected specinmens reach the State
Public Health Laboratory within 7 days of collection. Beyond 7
days will require a retest.

VWHY ARE SO MANY SPECI MENS MARKED UNSATI SFACTORY WHEN | CAN SEE
PLENTY OF BLOOD I N THE Cl RCLES?

There nmust be an even penetration of blood for the test to be
accurate. This neans soaking through the filter paper with one
application and filling the whole circle so the blood is evenly
di stributed on both sides of the filter paper.

VWHY DO | HAVE TO FILL OQUT ALL THE | NFORMATI ON WHEN | KNOW THE
BABY?

It may be necessary to reach the famly in a hurry when you are
not avail abl e. Also, the State Laboratory receives so nany
speci nens that often there are several babies with the sanme nane
and the sane birthdate.

VWHY ARE THERE SO MANY " FALSE POSI TI VES' FOR METABOLI C TESTS?
Since this is a screening test, we nust be certain that there is
no chance of mssing a child with a netabolic disorder. Only
about 3% of all specinens are actually recalled.

IF A TEST I'S NOT DONE FOR SOVE REASON I N THE FI RST THREE WEEKS OF
LIFE, ISN T IT USELESS TO RETEST LATER?

NO  While sone disorders may begin to be expressed and sone
damage may have al ready occurred, treatnent begun at any tinme wll
al ways be beneficial to the infant. Additionally, the famly
should be nmade aware of the infant's netabolic disorder, its
genetic inplications, and given appropriate counseling.

| WANT TO JO N THE VO CE RESPONSE SYSTEM  WHAT SHOULD | DO?

You need to register with the Georgia Public Health Laboratory as
a participant in the voice response system Call Dr. M
Ramachandran at (404) 327-6800 for a copy of the registration
form
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WHAT IS ACH LD S UNFIQUE | . D. ?

It is the infant nother’s social security nunber followed by 2
digits for the nunber of delivery (01 for first delivery and 02
for second delivery and so on) and 1 space for the order of
delivery (Afor Twwn A, B for Twn B)

If nother’'s social security nunmber is not available for any
reason, use the nother’s birth date and the nonth and |last digit
of the year of the infant’s date of birth.

Exanpl e:

mm dd/yy/ mm'y 082178089-01-A for Twin A born on August (08) 99
(only the last digit 9) for the nother with the
date of birth 8/21/78.

| WANT A COPY OF THE | NFANT' S NEWBORN SCREENI NG RESULTS.

Route 1

If you are using the Voice Response System you need to keep
ready: (1) Your |icense nunber or submtter code nunber (2) Your
4 digit PIN nunber (3) The child s unique |.D. (Mther’s SS#).

When you are ready call (404) 321-2293 or (404) 321-2294 or (404)
321- 2297 and foll ow voice pronpts.

Route 2

If you are not registered with the Public Health Laboratory for
t he Voi ce Response System keep the follow ng information ready:
(1) Baby’'s last nane (2) Date of birth (3) Mther’s |ast nane.

Call the Public Health Laboratory at (404) 327-7950 and ask for
the test results. For all hard copy mailers, foll ow Route 2.
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UNDERSTANDING
METABOLIC DISORDERS

SUMMARY TABLE METABOLIC DISORDERS
PHENYLKETONURIA (PKU)

TYROSINEMIA

HOMOCYSTINURIA

MAPLE SYRUP URINE DISEASE (MSUD)
GALACTOSEMIA

HYPOTHYROIDISM

CONGENITAL ADRENAL HYPERPLASIA (CAH)



SUMMARY TABLE
METABOLIC DISORDERS

DI SORDER BASI C DEFECT SYMPTOMS I NCI DENCE SCREENI NG TREATMENT FOLLOW UP NEEDS
CRI TERI A
PKU (d assic) Lack of enzyne Severe nental 1/ 10, 000 - El evat ed Phe Life long - Lifelong dietary
Phenyl ket onuri a to properly retardation, eczens, 1/ 15, 000 4nmg/ 100 dL or Low managenent ; Car ef ul
convert the sei zures, behavi or More comon | greater Phenyl al - nmoni tori ng of hyperphe
am no acid di sorders, decreased in ani ne diet. vari ants; Careful
phenyl al ani ne pi gment ati on, caucasi ans Possi bl e managenent and
to tyrosine. di stinctive “nousey” but found Tyrosi ne preconception
odor . in all suppl enment - counsel i ng and
ethnic ation intervention for PKU
gr oups wonen in the
reproductive years.
Congeni t al Absent or Mental and ot or Overal | Low T,, Radio Repl acenent Mai nt ai n L-thyroxine
Hypot hyr oi di sm hypopl astic retardation, short 1/ 4, 000 | mmune Assay of L- level s in upper half
(Primary) gl and. stature, coarse, dry with ethnic | (R A) t hyr oxi ne of normal range;
Dysf uncti onal skin and hair, variation El evated TSH Peri odi c bone age to
gl and. About hoarse cry, 1/ 12, 000 nmoni tor grow h.
20% are consti pation. Bl ack
genetic in | ncreased i nci dence 1/ 1, 000
origin. of other birth H spanic
def ect s.
Gal act oseni a Absent or | ow Neonat al death from 1/ 10,000 to | El evated El i m nate Provi de early
(Transferase activity of severe dehydration, 1/ 60, 000 Gal act ose gal act ose nmoni toring for speech
defi ci ency) enzyne to sepsis or liver (H1l) Low or and | act ose and neurol ogi c
convert pat hol ogy; nent al absent fromthe probl ens; Educate
gal actose into retardation, positive diet. Soy parents about hidden
gl ucose. Many jaundi ce, blindness, fl uorescence formulas in sources of |actose;
variants. cataracts. (Beutl er) i nfancy; nmonitor fenales for

| act ose free
solid foods.

secondary ovari an
failure; avoid
medi cations with
| actose fillers.

20




SUMMARY TABLE

METABOLIC DISORDERS

DI SORDER BASI C EFFECT SYMPTOMS I NClI DENCE SCREENI NG TREATMENT FOLLOW UP NEEDS
CRI TERI A
Mapl e Syrup Absent or |ow Aci dosi s. Hypert on- 1/ 90, 000 El evat ed Li fe Long- Educate famly and
Uri ne Disease activity of enzyne ity and seizures, to Leuci ne Diet lowin |friends regarding
( MSUD) needed to netabolize | voniting, 1/ 200, 000 4ng/ 100dL or | euci ne, strict dietary
| euci ne, isol euci ne dr owsi ness, apnea, greater i sol euci ne regi nen. Soci al and
and valine found in coma. Infant death and val i ne. education
all natural protein. or severe nental Thi am ne eval uati on;
retardation and suppl enment Behavi or al
neur ol ogi cal if counsel i ng;
i mpai r ment ; responsi ve. Neur ol ogi cal
Behavi or al nmoni toring; Pronpt
di sorders. treatment of illness
to mnimze
aci dosi s.
Honmocystinuri a Defici ency of enzyme Mental retardation, 1/ 200, 000 El evat ed Met hi oni ne Mai ntain |lifelong
cyst at hi oni ne- B- sei zures, behavi or Met hi oni ne restricted | ow net hi oni ne diet;
synt hase which is di sorders, onset 2nmg/ 100 dL or diet. Moni tor for
needed for t hr onboses, greater Cystine t hronmbosi s (check
honmocysti ne di sl ocated | enses, suppl enent ; pul ses,etc.);
met abol i sm tall |anky body Opht hal mol gi ¢ care;
habi t us. suppl enment educati onal and
if psychol ogi cal
responsi ve. eval uation; Avoid
unnecessary surgery.
Congeni t al Defect in the Hyponatrem a 1/ 15, 000 El evated 17- Repl ace Mai nt ai n adequat e
Adr enal enzyne- 21 Hyper kal em a 1/ 3,000 in | hydroxy corti - corticosteriods;
Hyper pl asi a Hydr oxyl ase Hypogl ycem a native Progest er one; costeri ods. El evat e doses or
(CAH) Many variant forns Dehydrati on and Eski mos abnor nal Pl astic give injectable
early death el ectrol ytes surgery to doses in tines of
Anbi guous genitalia correct stress; Periodic
in fenal es anbi guous bone age to nonitor
Pr ogr essi ve genitalia adequat e treatnent;

virilization in
bot h sexes.

Mai ntain pediatric
endocri nol ogy foll ow
up appoi nt ment s.
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PHENYLKETONURIA (PKU)
(HYPERPHENYLALANINEMIA)

Def ective netaboli smof phenyl al anine results in toxic accumul ati on of
this amno acid and deficiencies in its netabolites.

Cinical Features:

Infants with untreated PKU may appear normal in the first few nonths of
life. Wile in utero, phenylalanine is maintained in the normal range
by the nother’s system Cord blood tests are nornmal in these infants.
About 24 hours after the first protein feeding the level of

phenyl al ani ne begins to rise to toxic |evels. By one year of age
mental and notor retardation, mcrocephaly, poor growh rate,
characteristic odor and seizures or trenors wll be evident.

| nadequat e production of tyrosine (a precursor to pignment formation)
results in lighter hair and skin than other famly nenbers. The skin
may be oily and eczematous. |If treatnent is not initiated early, nost
individuals with PKUw Il achieve an 1.Q of less than fifty.

Causes:

PKU i s an aut osonal recessive inherited disorder, usually caused by the
| ack of activity of phenyl al ani ne hydroxyl ase. Parents are healthy
“carriers”, but have a one in four (25% chance for an affected child
with each pregnancy.

Vari ant Forns of PKU

1. There are several internediate fornms of hyperphenyl al aninem a in
whi ch the phenylalanine levels are noderately elevated (3-15
ng/ dL). Many of these children still require diet restrictions to
mai ntain their bl ood phenylalanine level in the 2 to 6ng/dL range.

2. Bi opterin deficiency (less than 5% of the patient population)is a
defect in the production of a co-factor, tetrahydrobiopterin,
which results in a PKUIlike disorder. Al t hough el evation of

phenyl al anine is characteristic in these infants the nedical
managenent is different fromthat for infants with PKU  Newborns
with confirmed el evated phenyl al anine | evels should be referred
for evaluation by a tertiary treatnent center for biopterin
cof actor defects and ot her variant forns.

3. Mat ernal PKU (MPKU) and hyper phenyl al ani nem a: Infants born of
mothers wth PKU or its variants my have elevated plasm
phenyl al anine in the first hours after birth (even though the
infant is genetically normal). Wnen wth hyperphenyl al ani nem a
have an increased risk of m scarriage. Because phenylalanine is
el evated throughout the pregnancy, surviving infants suffer
stunting, nental retardation, mcrocephaly and congenital heart
def ects.
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If the nother begins a nedically supervised phenylal anine
restricted diet before conception and maintains it throughout the
pregnancy fetal |oss or damage to the fetus may be prevented.

Laboratory Tests:

PKU is detected using a bacterial inhibition assay (the original
“Quthrie test”). El evated |evels of phenylal anine stinulate the growh
of bacteria around the blood spot after it is incubated in a specia
medi um (t he normal phenyl al anine level is <3 ng/dL).

RESUL T LI KELY CAUSES ACTI ONS
>4- 6ng/ dL 1. PKU possible Lab phones results to
2. Mot her has PKU foll owup team who

3. Hyperalinentation phones practitioner with
i nstructions for

retesting.
>6 ng/dL (infant of any |PKU probable Lab phones foll ow up
age) no other tests t eam who phones the
abnor nal clinician and

nmet abol i ¢ speci al i st.
Neonat al Emer gency

Consi der at i ons:

I nfants shoul d be screened >24 hours after breast or commercial formula
feedings have begun. Infants confirmed to have significant
hyper phenyl al ani nem a are placed on special PKU fornula. The physician
may repeat serum phenyl al ani ne assays a few weeks after beginning this
diet. Persistent hyperphenyl al ani nem a suggests biopterin deficiency.
In these cases the netabolic specialist will arrange for co-factor
t esting.

Avoi di ng Fal se Positives and Fal se Negati ves:
Fal se negatives occur in PKU infants who are screened prior to
receiving protein feedings, infants who have been taken off protein
feedings or infants on antibiotics. Fal se positives may be seen in
very sick infants and infants on Total Parenteral Nutrition, goat’s
m |k, or evaporated mlk, e.g. Pet, Carnation.

Tr eat ment :

Delaying treatment for only a few weeks dimnishes intellectual
outcone. D etary treatnent in consultation with a pediatric netabolic
speci alist should be started as soon as possible in any infant with
phenyl al ani ne | evel s over 6ng/dL and shoul d be continued indefinitely,
with careful nonitoring of blood phenylalanine levels at frequent
intervals. Young wonen with PKU nmust nmaintain their | ow phenyl al ani ne
diet prior to and during pregnancy to prevent fetal |loss and feta
brain damage. The dietary treatnent requires use of special formula
and specially formul ated foods obtained through netabolic centers and
pharnmaci es. Parents require education in assessing food |abels and in
food preparation.
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Fam | ies should receive genetic counseling regarding risk for other
affected chil dren.

Expect ed Qut cone:

Wth proper dietary treatnent, nment al retardation 1is totally

prevent abl e and grow h and devel opnent shoul d be nornal .
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TYROSINEMIA

I n about 10 percent of newborns, significant tyrosinem a and secondary
hyper phenyl al ai nem a may occur and last as long as 3 nonths. This is
due to immaturity of liver enzynes, and high protein intake, or
possi bly suboptimal vitamn C intake of the nother or infant. These
infants may show subtle |earning defects in |later childhood. Transient
tyrosinem a nmay be permanently reversed by |lowering the protein intake
to about 2.0-2.5 g/kg/day and giving 100 ng of vitamn C for several
days. After this regine is conpleted a repeat bacterial inhibition
assay should be obtained to confirmthat the result is nornal.

Clinical Features:

Tyrosi nem a, Type 1

The chief findings are hepatocel |l ular danage | eading to cirrhosis
and liver failure, and renal tubular damage resulting in the Fanconi
syndronme. Failure to thrive, hepatonegaly, rickets, thronbocytopenia
and a profound clotting disorder, which may resist therapy wth
parenteral vitamn K, are frequent. There is a severe formwth rapid
deterioration and death in the first weeks of life and mlder forns
which permt survival until adult life. In ol der cases, hepatic
carcinoma i s frequent.

The differential diagnosis of this condition is difficult since it
m m cs other causes of liver disease.

Tyrosi nem a, Type 2

Corneal ulceration and unusual red, discrete raised hyperkeratotic
pust ul es on the pal s and sol es are characteristics of
hypertyrosinem a, Type 2. Alnost half of the patients devel op nental
retardation. The eye and skin lesions resist all conventional therapy,
but respond rapidly to a tyrosine-restricted diet.

Laboratory Tests:
El evation of tyrosine is detected wwth a bacterial inhibition assay.
Normal tyrosine levels are <12 ng/dL.

RESUL T LI KELY CAUSES ACTI ONS
Tyrosi ne 12-19ng/ dL Nor mal Transi ent Ret est
Tyrosi ne >20ng/ dL 1. Tyrosinenia 1 or 2 Laboratory reports
possi bl e results to follow up team
2. Liver disease who phones practitioners
with instructions for
retesting.
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Treat nent:

These cases should be transferred to a netabolic treatnment center where
a tyrosine restricted diet is the initial treatnment of choice.
Addi tional treatnment depends on confirm ng the diagnosis and response
to diet.

Screeni ng Practice Considerations:

Det ection depends on protein ingestion. Hyperalinentation and liver
di sease may cause fal se positive results.
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HOMOCYSTINURIA

The majority of cases of honocystinuria are due to deficiency of the
enzynme cystathionine synthase, which causes an accumulation of
met hi oni ne, honocystei ne and vari ous netabolites of honocystine.

Clinical Features:

Clinical manifestations vary in degree, type and age of onset. They
i ncl ude thronboenbolism dislocation of the optic |ens, osteoporosis,
tall and | anky stature, seizures, psychiatric disturbances and nental
retardation

Laboratory Test:
El evation of nethionine is detected by a bacterial inhibition assay.
The normal nethionine level is <1 ny/dL.

|RESULT LI KELY CAUSES |ACTIONS |
Met hi oni ne >2ng/ dL Honocystinuri a Lab wi Il contact follow up
possi bl e t eam by phone
Tr eat ment :

Some individuals wth cystathionine synthase deficiency respond to
| arge doses of the vitamn pyridoxine (Bs;). Those not By responsive are
given a nethionine restricted diet with cystine supplenentation.
Evi dence indicates treatnent wll prevent nental retardation and
prevent or mnimze nost other effects of honobcystinuria.
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MAPLE SYRUP URINE DISEASE (MSUD)

This recessively inherited disorder is characterized by inability to
met abol i ze the branched chain amno acids, |eucine, isoleucine and
val i ne.

Clinical Features:

MBUD is a rare disorder associated with progressive neurol ogi cal damage
within a few days of birth. A high pitched cry, irritability,
convul sions, spasticity and central nervous system depression | eading
to coma are usual. |If not treated, the disease |leads to death in 2-4
weeks. Bi ochemcally, there is severe netabolic acidosis and
hypogl ycema is frequent. Plasma |eucine starts to rise usually within
24 hours of birth and within a few days ketoaci ds appear in the urine.
These | ater possess a characteristic sweet maple syrup odor which gives
t he di sease its nane.

As wth all hereditary disorders, there are | ess severe variants, the
m | dest of which may go undetected for nonths until sonme intercurrent
il ness unmasks the biochem cal abnornalities.

Laboratory Test:

El evation of leucine is detected by a bacterial inhibition assay.
Normal |eucine levels are <2 ng/dL; even transient elevation of plasma
| eucine in the newborn is unusual.

RESULT LI KELY CAUSES ACTI ONS

| euci ne>4 ng/ dL MSUD possible Lab will contact follow up
t eam by phone
Neonat al Energency

Tr eat ment :
Any baby in whomthe plasma |leucine is 4 ng/dL or greater is considered
to have MSUD until proven otherw se. A phone call is nmade to the

attendi ng physician to arrange appropriate investigations. Any infant
with this disorder needs to be transferred to a nmajor nedical center as
qui ckly as possi bl e because the investigations and nmanagenent are very
conplicated and death can occur rapidly in untreated cases. Treatnent,
whi ch nmust be continued for life, is with a strict diet which controls
the intake of the branched chain amno acids. Thiamne is also given
in |arge anounts.

Screeni ng Practice Considerations:

Det ecti on depends on protein ingestion. An affected infant nust be
detected early if major problens are to be prevented.
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GALACTOSEMIA

The maj or sugar of m |k (and nost non-soy comerical infant fornulas)
is lactose. This sugar is digested to galactose and glucose in the
i ntestine. Gal actosema results from a deficiency in one of the
enzynes necessary for the netabolismof gal actose.

Clinical Features:

The affected infant may appear normal at birth. Wthin a few days to
two weeks after initiating mlk feedings, the infant devel ops vomting,
diarrhea, lethargy, jaundice and |iver danmage. Untreated, the disorder
may result in death, frequently associated with E. Coli septicema
Infants surviving the above synptons evidence devel opnental
retardation, hepatonegaly, Fanconi’s syndrone, growh failure and
cataracts.

Causes:

Gal actosemia is a recessively inherited deficiency in one of the
enzynmes necessary for normal netabolismof gal actose. The severe form
of the disorder is due to alnost total deficiency of the enzyne,
gal act ose- 1- phosphate uridyl transferase (GALT).

Vari ant Fornms of Gal actosem a:

There are several genetic variants characterized by |ess severe
reduction in the enzyne activity (e.g. Duarte variant). Al though nost
of these individuals are asynptomatic, all should be eval uated because
some will require dietary managenent and nonitoring.

Gal act oki nase Deficiency: This rare enzymatic defect 1is also

recessively inherited. It results in cataracts in infancy and possibly
mld nental retardation. The life-threatening synptons of severe
gal actosem a do not occur. Newborn screening does not detect this
di sorder.

Laboratory Tests:
Two screening tests are wused to screen infants affected wth
gal act osem a (GALT defi ci ency).

1. The Beutler’s test screens for gal actosem a caused by deficiency
of GALT. The test is based on the “fluorescence” produced by the
reduction of the NADP by the normal enzyne cascade in red bl ood
cells. Deficiency of either of the enzynes wll produce a “no-
fluorescence” test result. Honbzygotes for transferase deficient
gal actosemia will show “no-fl uorescence” while heterozygotes and
Duarte variants denonstrate “decreased fluorescence” conpared to
normal controls. Heat and hum dity can cause fal se positives by
denaturing the enzyne as will a patient with GGPD deficiency. To

rule out these possibilities a second “FLORI DA TEST” is perfornmed
on all presunptive positives from Beutler’s test to verify the
specinmen integrity. A non-viable specimen will not show any
fluorescence at all in this test.
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The Laboratory also quantitates the gal actose netabolites (gal actose
and gal act ose- 1-phosphate) using a third test (HIl’ s test) in all
i nconclusives from the Florida test. Positive GALT deficiency is
reported to the follow up teamon the day of testing foll owed by total
quantitation of netabolites the foll ow ng working day.

RESULTS | NTERPRETATI ON ACTI ONS
Beut | er Test Hll Test
I nconclusive |wthin 1. Variant forns of Ret est
nor mal gal act osem a
[imts 2. Heat denaturation

of the enzynes

3. Inproperly
col l ected sanpl e

Abnor ral >11 ng/dL 1 & 2 as above Lab will contact by
| etter or phone.
Abnor ral >14 ng/ dL Severe gal actoseni a Lab wi |l contact
possi bl e foll ow up team by
phone.

Neonat al Energency

Avoi di ng Fal se Positives and Fal se Negati ves:

Infants with gal actosem a may have fal se negative screening results if
t hey:

- are being treated with anti biotics,

have been recently transfused,
- have not received mlk or are taking soy fornula.

Fal se positives occur frequently as galactose is frequently mildly
el evated (6-10 ng/dL) in normal neonates and may be high when there is
liver dysfunction from other causes.

Treat nent:

The gal actosem a syndronmes are treated by exclusion of |actose and
gal actose from the diet and should be done in consultation wth a
pediatric netabolic specialist. Soy formula is used. Parents require
education in assessing food |abels and in food preparation. Famlies
with gal actosem a should be referred for genetic counseling.
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Expect ed Qut cone:
| ndi viduals adhering strictly to a galactose-free diet achieve
satisfactory general health and do not develop |iver disease, failure

to thrive or cataracts. However, total elimnation of dietary
gal actose does not ensure full normalcy, since galactose can be
produced in the body from gl ucose. Sonme individuals may evidence

mental decline, hyperactivity or speech and |anguage defects.
Devel opnent al assessnent shoul d be cl osely nonitored.
Ovari an dysfunction is observed in sone wonen.
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CONGENITAL HYPOTHYROIDISM

Congenital hypot hyroidism occurs in babies who are born w thout the
ability to produce adequate anmounts of thyroid hornone. Thyroi d
hornmone is inportant for normal growh and devel opnent. It is

essenti al

for normal brain growth.

of thyroid hornone results in nental

Clinical Features:
Infants with untreated congenit al
normal up to three nonths of age,

i kely have occurred.

they may i
poor nuscl
skin,

Causes of
The nost
gland to
abnor nal

rarely recur

anti bodi es

primary defect being on the pituitary gland or

ncl ude prol onged neonat al
e tone, feeding problens,

di st ended abdomen and unbili cal

Congeni tal Hypot hyroi di sm
common causes are total or
devel op (aplasia or

| ocation (an ectopic gland).
Less comonly,
froma hereditary inability to manufacture thyroid hornones,
medi cations during gestation (iodine,

in siblings.

When synptons or
j aundi ce,
a | arge tongue,

| f untreated

congeni tal deficiency

retardation and stunted grow h.

her ni a.

parti al

hypopl asi a) or

hypot hyroi di sm may appear clinically
by which tinme sone brain danmage wl |
clinical

signs are present,
consti pation, |ethargy,
nottled and dry

failure of the thyroid
its developnent in an

These types of hypothyroidi sm

antithyroid drugs) or

the hypothyroidismresults

mat er na
mat er na

. Arare form (1:80000) of hypothyroidismmy occur with the

Laboratory Tests:

The initial

screeni ng test

is the T, (thyroxine) assay.

hypot hal anus.

The 10 percent

of sanples with the lowest T, results are further tested by a screening

TSH assay. Different conbinations of results are possible:
RESUL T LI KELY CAUSES ACTI ONS
T, low TSH el evat ed 1. Hypot hyroidism Lab will contact foll ow up
probabl e team by phone and send letter
requesting nore tests
T, <3.0 ug/dL, TSH 1. Hypot hyroidism Lab will contact follow up
pendi ng possi bl e team by phone and send letter

T, | ow TSH Nor nmal
one or two speci nens
unl ess premature - then
repeat third filter
paper screening test)

(on
defi ci ency
result

probl ems with
secondary

bel ow

1. Thyroid Binding
G obuling (TBG

2. Fal se positive
3. Pituitary gland

hypot hyr oi di sm
4. Prematurity-see

requesting nore tests

Lab will contact foll ow up
team by letter for further
tests

Thyroid Function in Premature |nfants:
infants may have a physiol ogical

Pr emat ur e
| evel s.

the TSH |l evels are usually normal.

reduction in blood T4

This is not due to a low TBG (Thyroid Binding d obulin) and
Premature infants have about the
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sanme incidence of hypothyroidism as full term infants. Premat ure
infants with abnormal thyroid tests need followup testing to ensure
that the low T4 levels rise to the normal range as the infant matures.
Repeat screens nmay be subm tted.

Treat nent:

Treatnment of congenital hypothyroidism is sinple and effective.
Thyroid hornone (Synthroid), in pill form may be crushed and given
with formula. The dosage of nedication is based on the child s weight
but nmust be individualized and adjusted (by nmonitoring T4/ TSH | evel s)
as the child grows. Pedi atric endocrinol ogy consultation should be
obtained to determ ne recomrendations for nedication adjustnent and
followup for the child. Contact the Newborn Screening Follow up team
for Metabolic Disorders at the Division of Medical GCenetics, Enory
University at (404) 727-0486

Consi der at i ons:

Congeni tal hypothroidismis one of the nost common di sorders detected
by newborn screening. The majority of hypothyroid infants are detected
on the first specinmen, however, a few have a normal first specinmen and
be abnormal later. In the presence of clinical synptons, evaluation
for congenital hypothyroidism should be performed despite nornmal
screening results. The incidence of additional birth defects increased
in these infants.

A | ow Thyroxine (T4) with a normal Thyroid-Stimnulating Hornone (TSH)
may indicate a thyroid binding globulin deficiency or a
pi tuitary/ hypot hal am c problem The former is of no clinica
significance; the latter warrants imediate referral to a pediatric
endocri nol ogi st.

Avoi di ng Fal se Positive or Fal se Negative Results:
1. If specinmen is collected within the first 3 hours after the birth
the TSH will be markedly el evat ed.

2. A blood transfusion may alter the T4/ TSH results.

Expect ed Qut cone:

A child whose serum T4 is maintained in the nornmal range by carefu

adj ustnment of thyroid hornone nedication should have normal grow h,
devel opnment, and intellectual potential. Goitrous hypothyroidismis
nmore |likely to be genetic. Famlies with this condition should be
referred for genetic counseling.
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CONGENITAL ADRENAL HYPERPLASIA

Infants with Congenital Adrenal Hyperplasia (CAH) have a deficiency of
an adrenal enzyme resulting in limted cortisol production and, in sone
cases, limted al dosterone production. The pituitary gland senses the
cortisol deficiency and produces increased anounts of ACTH to denmand
cortisol production by the adrenals. The adrenal gl ands enl arge but
continue to produce inadequate amounts of cortisol. The precursor
products of cortisol, sone of which are virilizing hornones, accumul ate
and are released into the circulation. As a result:

* because of cortisol deficiency the infant is unable to maintain
adequat e energy supply and bl ood sugar levels to neet the stress
of injury or illness. Lethargy and coma nmay progress to deat h;

* because of al dosterone deficiency sodium and acconpanyi ng water
are lost in the urine resulting in dehydration. Pot assi um
accumul ates in the blood, causing irritability or |ethargy,
vomting and nuscle weakness, including cardiac nuscle
irritability;

* because of rising levels of virilizing hornones fermal e infants may

develop clitoronegaly and |abial fusion prenatally and be born
wi t h anbi guous genitali a.

Cinical Features:

Mal e infants with CAH usually appear normal at birth but may devel op
synptons within the first 2 weeks of life. Fenale infants nmay appear
normal or may show the effects of virilizing hornones: an enlarged
clitoris and fusion of the |abia najora over the vagi nal opening and
may al so exhibit synptons within the first two weeks. Qccasionally the

female infant will appear to have a normal nmale penile structure with
hypospadi as. These females never have a palpable gonad in the
| abi al / scrotal sac. Their ovaries, uterus and Fallopian tubes are
nor mal

CAUTI ON: | NFANTS W TH CAH DO NOT ALWAYS APPEAR | LL AT BIRTH OR I N THE
FI RST FEW DAYS OF LI FE AND MAY PRECI PI TOUSLY BECOVE SERI QUSLY | LL AND
CAN DI E AT TWO TO THREE WEEKS OF AGE

Causes of CAH

Several types of genetic defects cause the enzymatic deficiencies of
CAH. All are autosomal recessive. The newborn screening test
currently used is designed to detect the 21-hydroxylase enzyne
deficiency. This enzynme deficiency is responsible for over 90% of all
forms of CAH. Practitioners should renmenber that a normal newborn
screening test does not rule out other and rarer enzynme deficiencies
whi ch cause CAH
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Laboratory Tests:

Screening i s based upon a radi oi nmunoassay for a precursor steroid, 17-
OHP. Affected infants have high levels and false positive results
occur particularly in premature infants. Confirmation is by
quantitative steroid assays in bl ood.

RESULT LI KELY CAUSES ACTI ONS

1. Inconclusive Repeat Screen

2. A 170+ P>45ng/ i

(Normal Birth Wi ght)
B) 1704 P>80ng/ m CAH Probabl e Letter to physician

(Premat ur e/ LBW <48hr s) to repeat screen

3. A 170+ P>80ng/ m
(Normal Birth Wi ght)

B) 17CH P>100ng/ m Abnor mal Resul t Lab will contact
(Premat ur e/ LBW <48hr s) foll ow up team who
will call infant's
physi ci an.
Tr eat ment :

The treatnent for CAH is replacenent hornone nedications. Decisions
about hornonal treatnent should be made in consultation with a
pedi atri c endocri nol ogi st.

1. A ucocorti coi ds: Use cortisone or hydrocortisone. These
medi cations may be given by nouth or by injection. |If the child
is vomting, too lethargic to swallow or unconscious, hornone
medi cation is given intermuscular(IM. The dose is calculated on
the basis of weight or body surface area. Oral nedications are
usually given two or three tines daily. |Mnedications may | ast
several days. In tines of vomting, serious illness, injury or
surgery, much higher doses of glucocorticoid are required.
Dexanet hasone is usually not used in infants because its strength
can interfere with normal grow h.

2. M neral ocorticoid: Use Florinef™(fludrocortisone Acetate). Sone
infants with CAH are able to maintain normal |evels of sodium and
pot assium w t hout the use of this hornmone. |If it is necessary, it
may be given once or twice a day. Over - nedi cati on causes
hypertension, therefore blood pressure nmust be nonitored. Sone
infants may al so need salt added to their formula.

Medi cations need to be adjusted as the child grows. Serum adr ena
hornmone levels and renin may need to be nonitored. Female infants who
have virilization of the genitalia may need surgical correction. This
is usually done in stages, with the first surgery before two years of
age. Cenetic counseling is indicated for future famly planning.

Consi der at i ons:

The level of 17-OHP indicated on the screening test does not always
correlate with the clinical severity of the disorder. Even a mld
el evation of 17-OHP in a term baby warrants a clinical evaluation and
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a serum sodi um and potassium Sone infants with salt wasting and non-
salt wasting CAH have a normal first screen and are subsequently
detected on the second screen. Parents of all infants with CAH need
education about their child s condition. Salt wasters need carefu

monitoring and |ifelong nedication adjustnment. Those with virilization

w thout salt wasting will al so need hornonal therapy to ensure nornal
growm h, pubertal developnent and fertility. I ndi viduals with non-
classical CAH, also identified by newborn screening, wll need

monitoring in childhood and nmay al so need hornonal treatnent as they
grow ol der.

Adrenal Function in Premature |Infants:

Premature infants usually have higher levels of 17-OCHP than term
infants. A high 17-OHP is therefore less likely to indicate CAHin a
premature infant. The premature infant needs followup testing to
ensure that the high 17-O4P level falls to the normal range. A 17-OHP
persistently >80ng/m seens too high on repeat screening and | ow serum
sodiums with high serum potassiuns and/or anbi guous genitalia should
pronpt a serum 17-OHP and pedi atric endocrine consul tation.

Avoi di ng Fal se Positive Results:

Birth is a stressful event. Newborn screening done in the first 12
hours after birth is nore likely to show high 17-OHP |evels than
screening done after the first day of life. The ideal tinme to screen
is 48 hours after birth.

Expect ed Qut cone:

I ndividuals with CAH if maintained on appropriate doses of nedication,
will have normal growth, developnment and intellectual potential.
Fertility is usually normal during adul t hood.
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HEMOGLOBINOPATHIES

Henogl obi nopathies are recessively inherited abnormalities in the
structure of henogl obin. Sickle cell diseases (SS, SC, S-beta
t hal assem a) affect about one in 1300 CGeorgia infants (about one in 400
infants of African Anerican descent).

The nost clinically significant abnormal henogl obin condition is sickle
cell anem a. In this condition the predom nant henoglobin is
henmogl obin S (HbS). In the oxygenated state, HbS functions nornally,
but when this henoglobin is deoxygenated, it fornms crystal-like rods
which deformthe red blood cell into a brittle sickle shape. These
mal formed red blood cells are easily destroyed (resulting in henolytic
anema) and tend to clunp in and occlude small bl ood vessels (resulting
in dactylitis, stroke, pulnonary infarction, splenic sequestration and
pai nful ischem c damage to internal organs).

Cinical Features:

The affected infant appears normal at birth. Anem a develops in the
first few nonths of life as production of fetal henogl obin decreases
and production of HbS increases. The anema is usually mld, needing
no treatnent. Enl argenent of the spleen results from trapping of
sickled red cells in the spleen. |If this occurs acutely, severe anem a
devel ops rapidly and transfusi ons are necessary. Splenic sequestration
can result in death. Strokes and acute chest syndrone are also life
t hreateni ng conplications that can occur in chil dhood.

Infants and <children with sickle cell anema are particularly
susceptible to infection due to Streptococcus pneunoni ae, Henophil us
i nfl uenzae type b, Mycopl asma pneunoni ae, Staphyl ococcus aureus, E.
coli, and Salnonella species. Infection may nmanifest as pneunoni a,
meningitis, osteonyelitis, septicema or other infections. Pr onpt
antibiotic therapy can be life-saving. Scientific studies have shown
that prophylactic oral penicillin started early and nmaintained
t hr oughout chi |l dhood decreases the nunber of episodes of infection and
deaths frominfection

Sickle cell anema affects growth. By about four years of age, height
and weight growh rates are slowed. Chronic henolysis results in a
hi gh preval ence of gallstones. M crovascul ar occl usion causes
reti nopathy, nephropathy, |leg ulcers and nyocardi al dysfunction.

Variants and other clinically significant henogl obi nopathies identified
by newborn screening:

Cinically significant sickling disease also results when the two genes
code for the foll ow ng beta henogl obin conbinations: S-C, S-D or S-E
Thal assem as are anem as caused by decreased synthesis of normal gl obin
chains and therefore decreased production of henoglobin A Bet a
t hal assem a genes may interact with genes for abnormal henoglobin to
cause serious henogl obi nopat hi es.

Trait Conditions:

I ndividuals with one abnormal henoglobin chain and one normal
henmogl obin chain (heterozygotes) are carriers - often referred to as
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“trait”. An inconclusive report refers to the possibility of
transfusion interference or presence of other structurally simlar
henogl obin. Mbst henogl obin carriers have few or no clinical synptons.
Carrier detection provides the opportunity to educate famlies, to test
other famly nenbers and to refer for genetic counseling.

Laboratory Tests:
The initial screening will be done by isoelectric focusing (IEF). Al

abnormals wll be retracted and run through fast flow high pressure
liquid chromatograph (HPLC). All sickle cell cases will be identified
by citrateagar el ectrophoresis (CAE) as well. It is expected that very

| ow concentrations of HBS or HBC (I ess than 1% of the total henogl obi n)
especially in a premature infant may escape detection by |EF. The
physi ci an should be aware of this possiblity.

Confirmatory Testing:

Confirmation of suspected infants with sickle cell disease wll be done
at the Medical College of Georgia using a second |iquid blood sanpl e.
Questions should be directed to Abdul |l ah Kutlar, MD., (706) 721-2171

Caution: Solubility testing (sickle dex, sickle prep) should never be
used as a confirmatory test.

Consi der at i ons:

Treatnment: If a neonate is identified wth sickle cell disease,
prophyl actic pencillin should be immediately initiated. Parents need
education about how to take a tenperature, the care of acute illness
and how to assess spleen size. Consultation wth a pediatric
hemat ol ogi st i s advi sed.

In addition to routine required i munizations, infants with sickle cell
di sease should receive the Pneunbcoccal polysaccharide vaccine, the
Hepatitis B vaccine and the trivalent influenza virus vaccine (flu
vaccine). In addition, sone physicians may recomrend that infants with
sickle cell disease receive the neningococcal vaccine. Famlies with
sickle cell disease or trait should be referred for genetic counseling.

Expect ed Qut cone:

Wth appropriate nedi cal care and nmanagenent, death frominfection and
spl eni ¢ sequestration can be prevented. Conplications fromsickle cell
di sease can be m nim zed.
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SICKLE/ BETA THALASSEMIA

VWHAT | S HEMOG.OBI N S/ BETA THALASSEM A?

Beta thal assem as are inherited disorders of B globin synthesis. In
nost, globin structure is normal but the rate of production is reduced
because of decreased transcription of DNA abnormal processing of
pre-nRNA, or decreased translation of nRNA Decreased henogl obin
synt hesi s causes m crocytosis and unbal ance synthesis of € and 3 gl obin
| eads to ineffective erythropoiesis and henolysis. Beta thal assem as
are usually not detected by newborn screening but henoglobin F only may
be seen with thal assem a nmajor or internmedia. Beta thalassem as al so
interact with structurally abnornmal henogl obins to produce significant
di seases.

Conpound het erozygotes who inherit beta thalassema and Ho S have very
significant clinical problens. The S gene from one parent and a beta
t hal assem a gene fromthe other parent interact to produce sickle cel
di sease cal |l ed sickle/beta thal assem a. There are two forns of this
di sorder:

1. Sickle/RR° Thalassema (S Beta zero thal assema )
2. Sickle/3* Thal assem a (S Beta plus thal assem a)

Sickle R*thalassema can usually be differentiated from sickle cel
anem a. Differentiation of Hbo S R° thalassema may require famly
studi es, DNA analysis, or be delayed until age 2 years when routine
hemat ol ogy or Ho A, and F levels usually wll allow differentiation
Patients should be treated as if they have sickle cell anema until the
di agnosis is certain. In Hob S R° thalassema, no Hb A is nmade so
henogl obi n el ectrophoresis shows Ho S, increased Hb A, and i ncreased Hb
F. In Hb S B thalassema, Hb A is reduced so henoglobin
el ectrophoresis shows Hb S, 5 to 25% Ho A, increased Hb A, and i ncreased
Ho than in honbzygous sickle cell anem a.

The severity of the clinical manifestations show great variation

bet ween patients. Most individuals with Hb S R* thal assem a have
preservation of splenic function and |less problens with infection
fewer pain episodes and | ess end-organ damage. Individuals with Hb S

° thalassema may have very severe disease, alnost identical to
honmozygous sickle cell anem a. Henogl obin | evels may be higher on
average, splenic function is lost later in childhood and spl enonegal y
is comon into adulthood. Pai n epi sodes, end-organ damage and
prognosis may be simlar. Bone and retinal disease nmay even be worse
when conpared to honozygous sickl e anem a.

VWHAT KI ND OF SCREENI NG AND TREATMENT | S NEEDED?

When doi ng genetic counseling and prenatal diagnosis for a structurally
abnormal henogl obi n, one nust always consider that one partner may be
a carrier of a beta thal assem a gene. These carriers are very easily
m ssed because henoglobin levels may be normal or near normal and
henogl obi n el ectrophoresis will only show subtle increases in Hb A, and
Hob F that are often overl ooked. A complete blood count with nean
cor puscul ar volunme (MZV) and red cell count should al ways be obtai ned
bef ore counseling couples if one has "normal" el ectrophoresis. The MCV
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by automated cell counter is alnost always |ow in beta thalassem a and
the red cell count is often elevated. The percentage of Hb A, and Hb
F is often diagnostic.

An exanple is provided to show how questions of non-paternity can arise

if beta thalassema is not considered. In this exanple, the nother has
henmogl obin AS, that is, sickle cell trait. The father has “normal”
hemogl obin A The infant has only sickle henoglobin. Because

el ectrophoresis may indicate only henoglobin A in a parent wth
thal assemia trait, the issue of non paternity may be fal sely raised.

Health care providers should take great care to avoid m sinformng
famlies on this issue.

See pedi gree exanpl e bel ow. Wiat happened?
The not her’s henogl obi n el ectrophoresis shows Hb AS.

The father’s henogl obin el ectrophoresis shows Hb A
The newborn infant’s henogl obin el ectrophoresis shows Ho FS.

Hemoglobin A

Il

Hemoglobin S

Y .
% Betac Thalassemia

In the exanple, the her shows only henoglobin A by henogl obin
el ectrophoresis, but he also has beta®° thalassema mnor. This neans
that the henoglobin Athat is made is normal, but none is produced from
one of the two beta genes. Therefore, the child who inherits the sickle
gene fromhis nother and the thal assem a gene fromhis father is born
with only fetal (F) and sickle (S), henoglobin FS. In these cases,
famly studies nust identify thalassema carriers. To confirm beta
t hal assem a, famly nmenbers shoul d have CBC studies |ooking for a | ow
mean red cell volunme (MV), henogl obi n el ectrophoresis and HPLC or
ot her studies that quantify henoglobin A, and F

Because S/beta thalassema can be a life threatening disorder and
di agnosis of beta thalassema in the famlies can be difficult, a
t hor ough eval uati on by one of the conprehensive sickle cell centers or

a skilled hematol ogi st is needed. Infants and young children wth
henmogl obin FS all need penicillin prophylactic therapy until their
genotype is confirmed. Those with S/ beta®° thal assem a should remain on
penicillin. There is controversy about the need for prophylactic
penicillin in those with S/ beta* thal assem a but many experts advocate
penicillin for both groups.
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BART'S HEMOGLOBIN AND ALPHA THALASSEMIA

The carrier states for alpha thalassema are very comon in the
African, Mediterranean and Asian popul ations. Cord blood testing may
detect individuals who have inherited al pha thal assem a because smal
anmounts of henoglobin Bart’s will be present.

WHAT |'S BART' S HEMOGLOBI N? Normal

Bart's henogl obin is four (4) N
gamma gl obi n chai ns conbi ned. . . B
Normal fetal henoglobin is
two (2) alpha and two (2)

gama gl obi n chai ns conbi ned. [§£§;;£§§;:£j Hemoglobin H Disease
| f |less al pha globin chains S E— L=l FW ]
are nade, as happens wth L= =
al pha thal assem a, the extra
gamma chai ns conbi ne to neke a Thalassemia Trait Hydrops fetalis
Bart' s henogl obi n. = FEW

[ o — =T

or \ [=] (=]

VWHAT CAUSES ALPHA =] =T ]

THALASSEM AS? e E

The al pha thal assem as result

fromthe | oss of al pha globin

genes. There are normally four genes

for al pha gl obin production so that

the loss of one to four genes is a Thalassemia Trait
possi ble. The lack of all four genes in_African Americans
causes hydrops fetalis and is usually
fatal in utero. The loss of three
genes causes henoglobin H disease
which is a noderately severe form of
t hal assem a. Al pha thalassema trait
(al pha thalassema 1) results from
| oss of two genes and causes a mld

= E ]
LI E ]

a Thalassemia Trait in
Asian and Mediterranean Americans

anem a whi ch resenbl es iron
deficiency anem a. Finally, an =] -0, C=CEn
i ndi vidual who |oses one gene is a CE E] L= F ]

silent carrier (alpha thalassema 2)
wth no clinically det ect abl e
probl ens. Loss of one gene nmay cause
smal | anmounts of henoglobin Bart’s to
be present in newborn blood sanples.

In general, only the loss of one or two genes is seen in African
Americans because only one gene deletion on an individual chronosone
has occurred. Individuals from Southeast Asia and the Mediterranean
area may have all four types of al pha thal assem a because both one and
two al pha gene deletions (cis) on the sanme chronosone have occurred.

The percentage of henoglobin Bart’s in the cord blood sanple may

indicate the nunber of alpha genes that have been |ost. If the
percentage of henoglobin Bart’s is small (less than 10%, the infant
most |ikely has lost one or tw al pha genes and wll be a silent
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carrier or have al pha thalassema trait. Henoglobin Bart’s between 5
to 10% i ndi cates the presence of al pha thalassema trait with | oss of
two al pha genes. |If the henoglobin Bart’s is greater than 10% (usual ly
15 to 20%, a nore severe formof al pha thal assem a nmay be present and
further testing is indicated.

WHAT SYMPTOMS OCCUR?

I ndi viduals with al pha thalassem a trait (henpglobin Bart’s |ess than
10%9 will have a very mld anema with mcrocytosis (small red bl ood
cells) and no other clinical problens. This anema is, however,
frequently confused with iron deficiency anem a. Parents of infants
with henoglobin Bart’s should be told their child has al pha thal assem a
mnor and this disorder will have no effect on the child s health.
They should be told it is inherited so others in the famly may have a
simlar disorder. They should be instructed to tell health
professional s that al pha thalassema runs in their famly to prevent
unnecessary tests or treatnment with iron. |f alpha thalassema trait
is detected in Oiental or Mediterranean infants, famly studi es shoul d
be initiated to detect the presence of nore serious forns of alpha
thal assema. Infants with greater than 10% Bart’s henogl obin may have
henogl obin H di sease and they should be referred imediately to either
the Conprehensive Sickle Cell Center in Augusta, the GCeorgia
Comprehensive Sickle Cell Center at G ady Hospital or a henmatol ogi st
speci ali zi ng i n henogl obi nopat hi es.

Long termtreatnent of infants w th al pha thal assema w th suppl enent al
iron will not correct the anema and may be harnful. Therefore, iron
deficiency in children with henoglobin Bart’s should be docunented by
iron studies (serumiron and total iron binding capacity) or by serum
ferritin determnation. |If iron deficiency is also present, then the
child should be treated for six nonths and the iron supplenents
di scontinued. WI.C approved formulas, which contain dietary anmounts
of iron, can be given to infants with al pha thal assem a w t hout causing
any probl ens.
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BETA THALASSEMIA MINOR, INTERMEDIA AND MAJOR

Beta thalassemas are a group of recessively inherited disorders
characteri zed by a decrease or absence of synthesis of the beta gl obin
chai ns. | ndi vi dual s honobzygous for a beta thal assem a gene often have
Cool ey's Anem a, also called thal assem a naj or. O her conpl ex genetic
changes result in many other fornms of beta thalassem a. The work
"thal assem a" neans "from the sea" because it was first noted in
Italians, Geeks, Turks and others who |ived near the Mediterranean
Sea.

VWHAT CAUSES BETA THALASSEM A?

Beta thal assem as are inherited disorders of 3 globin synthesis. In
nost, globin structure is normal but the rate of production is reduced
because of decreased transcription of DNA abnormal processing of
pre-nRNA, or decreased translation of nRNA Decreased henogl obin
synthesis causes microcytosis and unbal ance synthesisof al pha and B gl obin
| eads to ineffective erythropoiesis and henolysis. Beta thal assem as
are usually not detected by newborn screening but henoglobin F only can
be seen with thal assem a najor or internedia. Beta thalassem as al so
interact with a structurally abnormal henogl obin to produce significant
di seases.

VWHAT ARE THE CLI NI CAL PROBLEMS | N BETA THALASSEM AS?

I ndi viduals who are honobzygous for a beta thalassem a nay have no
production of R globin (R° thalassem a) or markedly reduced 3 gl obin
production (R* thalassem a). Clinical manifestations vary from 3
t hal assem a major which is fatal in early childhood w thout transfusion
to beta thalassema internedia where anema i s severe but transfusions
are not required. On electrophoresis, Ho Fis the major henogl obin, Hb
A, is increased and Ho A is absent (R°) or markedly reduced (RY).

| ndi vi dual s heterozygous for a normal and beta thal assem a gene have
beta thalassema mnor. They have mld anem a, m crocytic
erythrocytes, and spl enonegaly. Henogl obin el ectrophoresis shows Ho A
with normal or slightly increased Ho F. Henoglobin A, is elevated after
age 2 years. The anema is often confused with iron deficiency anem a.

Beta thalassema internedia is caused by inheriting beta® thal assem a
genes fromeach parent or inheriting beta° thalassem a genes from each
parent and al so al pha thalassem a trait. Beta thalassem a internedia
is characterized by chronic anema, enlarged spleen and liver, Ileg
ul cers, bone changes and abdom nal pain. However, usually the anema is
not severe enough to require routine blood transfusions.

Compound het er ozygous individuals with beta thal assema and Hb S have
very significant clinical problens. Sickle thal assem a can usually be
differentiated from sickle cell anem a. Differentiation of Hob S °
t hal assema may require famly studies, DNA analysis, or be del ayed
until age 2 years when routine hematology or Ho A, and F | evels usually
will allowdifferentiation. Patients should be treated as if they have

sickle cell anema until the diagnosis is certain. In Hb S R°
t hal assema, no Ho Ais nmade so henogl obin el ectrophoresis shows Hb S,
increased Hb A, and increased Ho F. In Hb S B* thalassema, Hob Ais
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reduced so henogl obin electrophoresis shows Hb S, 5 to 25% Hb A,
increased Hb A, and increased Ho than in honozygous sickle cell anem a.

The severity of the clinical manifestations show great variation
bet ween patients. Most individuals with Hb S R* thal assem a have
preservation of splenic function and |less problenms with infection

fewer pain episodes and | ess end-organ damage. Individuals with Hb S
° thal assem a nmay have very severe disease identical to honbzygous
sickle cell anem a. Henogl obin levels may be higher on average,
splenic function is lost later in childhood and spl enonegaly is common
into adulthood. Pain episodes, end-organ danage, and prognosis may be
simlar. Bone and retinal disease nay even be worse when conpared to
honmozygous si ckl e anem a.

HOW ABOUT SCREENI NG AND DI AGNCSI S?

El ectrophoresis will not diagnose beta thal assem a in the newborn, but
i nportant clues may be provided. Infants who have only Ho F at birth
may have beta thal assem a. Most are normal, but followup of all
infants with Fonly is indicated. Simlarly, infants with Ho FS or FE
may have a structural variant and beta thalassema and should be
fol |l oned appropriately.

In children over 2 years and adults the Conplete Blood Count (CBC)
with nean cell volunme (MZV) is the nost sensitive screening test.
Referral should be considered in any older child or adult wth
undi agnosed anema where the MV is less than 80, when there is
i ncreased A,, or persistent elevation of fetal henogl obin.

When doi ng genetic counseling and prenatal diagnosis for a structurally
abnormal henogl obi n, one nust always consider that one partner may be
a carrier of a beta thal assem a gene. These carriers are very easily
m ssed because henoglobin levels may be normal or near normal and
henogl obi n el ectrophoresis will only show subtle increases in Hb A, and
Ho F that are often overl ooked. A conplete blood count with nean
cor puscul ar volunme (MZV) and red cell count should al ways be obtai ned
bef ore counseling couples if one has "normal" el ectrophoresis. The MCV
by automated cell counter is alnost always |ow in beta thal assem a and
the red cell count is often elevated. Quantifying the percentage of Hb
A, and Hbo F is often diagnostic.
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TREATMENT AND FOLLOW UP:
Patient with beta thal assem a major nmust be managed in centers that

understand the conplex managenent issues in these patients. Bl ood
transfusions are necessary to sustain life, but always lead to chronic
iron overload that can cause heart, liver, and endocrine failure
Chel ation therapy is always required. Bone marrow transplants

have cured many cases. Mortality is nost frequently associated with
cardi ac arrhythm as and congestive heart failure fromiron storage in
heart nuscle tissue. Prenatal diagnosis of beta thalassema is
avai | abl e usi ng DNA t echni ques.

Beta thal assema mnor usually requires no special nedical managenent.
lron overload can be a problem if oral or parenteral iron is
adm ni st ered. Because beta thalassemia mnor can mmc iron
deficiency, this is all to common a problem
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CONCLUSI ON:

Most disorders in Georgia s newborn screening program are not single
di seases, but rather a group of variable disorders affecting slightly
different parts of a single netabolic pathway. Qher variations result
frompartial inactivation of a particular enzynme. Henogl obi nopat hi es
are also a group of disorders resulting fromdifferent alterations in
the protein. Methods of testing vary widely fromdi sorder to disorder
and screening criteria also vary dependi ng upon the types of disorders
included in the state's screening program Health care providers
should be aware of these variations in order to understand current
regul ations for initial screening, retrieval and retesting.
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SUMMARY TABLE OF HEMOGLOBIN RESULTS

Henogl obi nopat hi es

Resul t Expl anati on
FA no abnornal henobgl obi n det ect ed
FA, Bart*s al pha thal assem a, further testing of parents,
child may be needed
FAS sickle cell trait (carrier)
FS sickle cell disease SS
FSC sickle cell disease SC
FSA sickle cell disease S b thalassem a plus

FS vari ant

sickle cell disease S vari ant

FAC henogl obin Ctrait (carrier)
FAE henogl obin E trait (carrier)
FE henogl obin EE or E b thal asseni a
FC henogl obin CC or C b thal asseni a

FA vari ant

variant trait (carrier)

FA vari ant,
Bart*s

variant trait a thal assem a

F

undet er m ned henogl obi n

Unsati sfactory
sanpl e

repeat testing

FSA

sickle cell disease, sickle b+ thal assem a

FS + vari ant

sickle cell disease, henpglobin S + variant

FAC henogl obin Ctrait (carrier)
FAE henogl obin E trait (carrier)
FE henogl obin EE or FE b thal assem a
FC henogl obin CC or C b thal asseni a

FA vari ant

variant trait (carrier)

F only

possi bl e b thal asseni a, Repeat testing required.
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SICKLE HEMOGLOBIN

Henogl obin S (Hb S) has a substitution of valine for glutamc acid in
the sixth position of the [ globin chain. Hob S occurs in high
frequency in populations previously exposed to falciparum nmalaria
i ncluding those from Africa, India, the Mediterranean area and Saudi
Ar abi a. Si ckl e henogl obin polynerizes wth deoxygenation causing
distortion of the erythrocyte and many clinical problens. Sickling of
erythrocytes is facilitated by increased tenperature (fever), decreased
pH (aci dosis) and hi gh MCHC (dehydration).

The common sickle cell syndromes result when the gene for sickle
henogl obin is inherited fromboth parents (Sickle Cell Anem a), when a
gene for sickle henoglobin is inherited fromone parent and a gene for
henmogl obin C is inherited from the other (Henoglobin SC D sease) or
when a gene for sickle henoglobin is inherited fromone parent and a
gene for beta thalassema is inherited fromthe other (Henoglobin S 3
Thal assem a). There are sone differences between these syndrones, but
all have simlar clinical manifestations. Past statenents stressing
t he benign nature of Hb SC disease and Hbo S 3 thal assem a are generally
i ncorrect.

Cinical manifestations of all syndrones may include noderate to severe
hemol ytic anem a, increased severity of certain infections, tissue
infarction with organ damage and failure and recurrent pain episodes.
The henolytic anema is generally well tolerated but does lead to

premature gall stones in many patients. The anema may becone
life-threatening during aplastic crises or splenic sequestration
crises. Early recognition and treatnent wth transfusions are

inportant in both. Splenectony is done for splenic sequestration in
ol der children and with recurrence. Children and sone adults have
i ncreased incidence of sepsis, neningitis and other serious infections
with Streptococcus pneunoniae, Henophilus influenzae, Sal nonella

species and Mycoplasma pneunoni ae. Tissue infarction may cause
significant norbidity and nortality. Strokes occur in children
secondary to brain infarctions. Involvenent of the bone may cause pain

epi sodes, predispose to osteonyelitis and | ead to aseptic necrosis of
the femur and hunerus. Qbstruction of retinal vessels nmay lead to
vitreous henorrhage or retinal detachnent with resulting |oss of
vision. As patients age, cunul ative damage to the |ungs and ki dneys
make pul nonary and renal insufficiency conmon problens. Pain episodes
cause life-long norbidity.

D agnosi s of sickle syndronmes at birth with proper care stressing good

nutrition, imunization, early treatnment of infection, splenic
sequestration, aplastic crisis and prophylactic admnistration of
penicillin greatly inproves the prognosis in sickle cell patients

Prenatal diagnosis is available for carriers at risk of have affected
chi | dren.
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| ndi vidual s who inherit a gene for sickle henoglobin from one parent
and one for henoglobin Afromthe other are genetic carriers of sickle
syndrones. This is often called sickle trait and is not associated
with any hematol ogic abnornmalities. Carriers may have episodes of
hematuria (blood in the urine) and may have nore urinary tract
i nfections. Rarely, pain episodes or splenic infarctions have been
seen with extrene |ack of oxygen. Sudden death may be slightly nore
common at the extrenes of human endurance.
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HEMOGLOBIN C

Henogl obin C (Hb C) has a substitution of lysine for glutamc acid in
the sixth position of the 3 globin chain. Ho C occurs in higher
frequency in individuals wth heritage from Wstern Africa.
Association of Hob C with the erythrocyte nenbrane causes red cel
dehydration and resulting increase in MCHC. This leads to a shortened
red cell survival in Ho C honozygotes and sickling conplications in
conpound heterozygotes for Ho S and Hb C

| ndi viduals with Ho CC di sease inherit a Ho C gene from each parent.
They have a mld henmolytic anema, mcrocytosis, and target cell
formation. There nmay be occasional episodes of joint and abdom na
pain which are attributed to Hbo CC di sease. Splenonegaly is common.
Apl astic crises and gall stones nmay occur.

Conpound het erozygotes with Ho SC di sease inherit a Ho C gene from one
parent and a Hbo S gene fromthe other. |In general, they have a sickle
syndrome which is very simlar to sickle cell anema. The henolysis is
usual ly |l ess severe so the henoglobin level is higher. Splenonegaly is
much nore common in older children and adults even though function is
| ost. There may be nore problems with retinal disease and aseptic
necrosis. Oher manifestations are simlar.

Henogl obin C carriers inherit Ho C from one parent and Ho A fromthe
other. They have no anema but will usually have target cells on bl ood
snear and nmay have a slightly lower MCV. There are no other clinical
pr obl ens.

| ndi vi dual s who are conpound heterozygotes for Ho C and B thal assem a
inherit a Ho C gene fromone parent and a 3 thal assem a gene fromthe
other. If they inherit R* thalassema there is 65 to 80% Hbo C, 15 to
20% Hb A and increased Hb F. If they inherit R° thalassema on
el ectrophoresis there is no Hob A and increased Hb F with Hb C
| ndi viduals with Hob C 3* thal assem a have a mld anema, |ow MV and
target cells. Individuals wwth Hb C R° thal assem a have a noderately
severe anem a, splenonegaly and may have bone changes.
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BARTS HEMOGLOBIN AND ALPHA THALASSEMIA

The carrier states for alpha thalassema are very comon in the
African, Mediterranean and Asian popul ations. Cord blood testing may
detect individuals who have inherited al pha thal assem a because smal
anmounts of henogl obin Barts will be present.

The al pha thalassem as result from the |oss of alpha globin genes.
There are normally four genes for al pha gl obin production so that the
| oss of one to four genes is possible. The lack of all four genes
causes hydrops fetalis and is usually fatal in utero. The | oss of
t hree genes causes henopglobin H disease which is a noderately severe
formof thalassema. Alpha thalassema trait (alpha thalassema 1)
results fromloss of two genes and causes a mld anem a which resenbl es
iron deficiency anema. Finally, an individual who | oses one gene is
a silent carrier (alpha thalassema 2) with no clinically detectable
probl ens. Loss of one gene may cause small anmounts of henogl obin Barts
to be present in newborn blood sanples. In general, only the |oss of
one or two genes is seen in African Anericans. |Individuals from
Sout heast Asia and the Mediterranean area may have all four types of
al pha thal assem a

The percentage of henoglobin Barts in the cord blood sanple may

indicate the nunber of alpha genes that have been |ost. If the
percentage of henoglobin Barts is small (less than 10%, the infant
most |ikely has lost one or tw al pha genes and wll be a silent

carrier or have al pha thalassema trait. Henoglobin Barts between 5 to
10% i ndi cates the presence of al pha thalassema trait with loss of two
al pha genes. If the henoglobin Barts is greater than 10% (usually 15
to 20%, a nore severe form of alpha thalassem a nmay be present and
further testing is indicated.

| ndi viduals with al pha thalassema trait (henoglobin Barts |ess than
10%9 will have a very mld anema with mcrocytosis (small red bl ood
cells) and no other clinical problens. This anema is, however
frequently confused with iron deficiency anem a. Parents of infants
wi th henoglobin Barts should be told their child has al pha thal assem a
mnor and this disorder will have no effect on the child s health.
They should be told it is inherited so others in the famly may have a
simlar disorder. They should be instructed to tell health
professional s that al pha thalassema runs in their famly to prevent
unnecessary tests or treatnment with iron. |f alpha thalassema trait
is detected in Oiental or Mediterranean infants, famly studi es shoul d
be initiated to detect the presence of nore serious forns of alpha
thal assema. Infants with greater than 10% Barts henogl obi n shoul d be
referred to tertiary care centers for further eval uation.
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Long termtreatnent of infants wi th al pha thal assema w th suppl enent al
iron will not correct the anema and may be harnful. Therefore, iron
deficiency in children with henoglobin Barts shoul d be docunented by
iron studies (serumiron and total iron binding capacity) or by serum
ferritin determnation. |If iron deficiency is also present, then the
child should be treated for six nonths and the iron supplenents
di scontinued. WI.C approved formulas, which contain dietary anmounts
of iron, can be given to infants with al pha thal assem a w t hout causing

any probl ens.
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BETA THALASSEMIAS

Beta thal assem as are inherited disorders of 3 globin synthesis. In
nost, globin structure is normal but the rate of production is reduced
because of decrease transcription of DNA abnormal processing of
pre-nRNA, or decreased translation of nRNA Decreased henogl obin
synt hesi s causes m crocytosis and unbal ance synthesis of € and 3 gl obin
| eads to ineffective erythropoiesis and henolysis. Beta thal assem as
are usually not detected by newborn screening but henoglobin F only can
be seen with thal assem a najor or internedia. Beta thalassem as al so
interact with structurally abnornmal henogl obi ns to produce significant
di seases.

I ndi viduals who are honobzygous for a beta thalassem a nay have no
production of R globin (R° thalassem a) or markedly reduced 3 gl obin
production (R* thalassem a). Clinical manifestations vary from 3
t hal assem a major which is fatal in early childhood w thout transfusion
to beta thalassema internedia where anema is severe but transfusions
are not required. On electrophoresis, Ho Fis the nmajor henogl obin, Hb
A, is increased and Ho A is absent (R°) or markedly reduced (RY).

Het erozygotes for a normal and beta thalassema gene have beta
t hal assema mnor. They have m|ld anem a, mcrocytic erythrocytes and
spl enonegal y. Henogl obi n el ectrophoresis shows Hob A with normal or
slightly increased Ho F. Henobglobin A, is elevated after age 2 years.
The anem a is often confused with iron deficiency anem a.

Conpound heterozygotes of beta thalassema and Hb S have very
significant clinical problens. Sickle B‘thalassema can usually be
differentiated from sickle cell anem a. Differentiation of Hob S °
thal assemia may require famly studies, DNA analysis or be delayed
until age 2 years when routine hematology or Ho A, and F | evels usually
will allowdifferentiation. Patients should be treated as if they have

sickle cell anema until the diagnosis is certain. In Hb S R°
t hal assema, no Ho Ais nmade so henogl obin el ectrophoresis shows Hb S,
increased Hb A, and increased Hbo F. In Hb S B* thalassema, Hob Ais

reduced so henogl obin electrophoresis shows Hb S, 5 to 25% Hb A,
increased Hb A, and increased Ho than in honozygous sickle cell anem a.

The severity of the clinical manifestations show great variation
bet ween patients. Most individuals with Hb S R* thal assem a have
preservation of splenic function and |less problenms with infection

fewer pain episodes and | ess end-organ damage. Individuals with Hb S
° thal assem a nmay have very severe disease identical to honbzygous
sickle cell anem a. Henogl obin levels may be higher on average,
splenic function is lost later in childhood and spl enonegaly is common
into adul thood. Pain episodes, end-organ damage and prognosis may be
simlar. Bone and retinal disease nay even be worse when conpared to
honmozygous si ckl e anem a.

When doi ng genetic counseling and prenatal diagnosis for structurally
abnormal henogl obi ns one nust al ways consider that one partner may be
a carrier of a beta thal assem a gene. These carriers are very easily
m ssed because henoglobin levels may be normal or near normal and
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henogl obi n el ectrophoresis will only show subtle increases in Hb A, and
Ho F that are often overl ooked. A conplete blood count with nean
cor puscul ar volunme (MZV) and red cell count should al ways be obtai ned
bef ore counseling couples if one has "normal" el ectrophoresis. The MCV
by automated cell counter is alnost always |ow in beta thalassem a and

the red cell count is often elevated. Quantitation on Ho A, and Ho F
is often diagnostic.
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HEMOGLOBIN F

Henogl obin F (fetal henoglobin) is the predom nant henogl obin before
birth and a normal m nor henoglobin during adult |ife conposing |ess
than 2 percent of total henogl obin. This percentage is based on a
het erogenous distribution of Ho F with nost erythrocytes having no Hb
F and a smal |l percentage having hi gher percentages. Hb F is el evated
in a nunber of anemas, sickle cell anem a and thalassemas with a
het erogeneous distribution. H gh Ievels with honogeneous distribution
are found wth hereditary persistence of fetal henoglobin (HPFH)
inherited alone or in conbination with Ho S HoS- HPFH conpound
het erozygot es have henoglobin F | evels of 15 to 30% and general |y have
mld clinical disease.

Fetal henogl obin declines over the first six nonths of life to near
adult levels. Decline is slower in individuals with sickle syndrones,
with plateau at adult |evels by age 2 years. | ncreases can be seen
during pregnancy, severe anema and wth leukema. Individuals with €
t hal assem as usual | y have persistent elevations for life. Those with
sickle cell anem a have levels from2%to 20% w th sonme suggestion that
hi gher | evels are associated with reduction in sone conplications.

Hbo F is formed from two al pha and two gamma chai ns. The gene is
duplicated with the product of each differing in a single amno acid
glycine or alanine in position 136. Ganma chai n henogl obin variants
may be present at birth and rapidly disappear in the first nonths of
life. Because these henoglobins are not present long after birth, they
are of no clinical inportance to the individual or famly.
Differentiation of honozygous Hb SS, Hb S-HPFH and Hb S-€ thal assem a
has inplications in genetic counseling and may be inportant to the
educati on and managenent of the affected individual.

Henoglobin F only in a newborn sanple can reflect normal biologic
variation in henoglobin F synthesis. Hbo F only at birth can al so be
seen in infants wth beta thalassem a major and internedia. Follow up
testing by a tertiary center is indicated until beta thalassem a
syndrone can be excl uded.

Hob F can be quantitated by alkaline denaturation, high perfornmance
l'iquid chromat ography and radial i munodi ffusion. Distribution can be
determned by acid elution of a snear (Kleihauer-Betke test) or by
i munof | uorescent techniques using Hbo F specific antibodies.
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HEMOGLOBIN E

Henmoglobin E is a structurally abnormal henoglobin caused by
substitution of lysine for glutamc acid at the 26 position of the B3
gl obin chain which has a R* thal assem a phenotype. The substitution
causes abnormal processing of pre-nmRNA to functional nRNA, resulting in
decreased synthesis of Ho EE The Hb E gene is very conmmon in nmany
areas of Southeast Asia, India and China.

Het erozygotes for Ho E and Ho A have no anema, a | ow MCV, and target
cells on bl ood snear. Henoglobin el ectrophoresis wll show about 75%
Ho A and 25% Hb E

Honozygotes for Henogl obin E may have normal henogl obin | evels or they
may have slight anem a. The MCV is low and many target cells are
present on blood snear. There is a single band in the Ho C/ A
position on cellul ose acetate el ectrophoresis and increased Ho F (10 to
15% . There are no significant clinical problens.

| ndi vi dual s who are conpound heterozygotes for Hbo E and [3° t hal assem a
may have a severe disease wth severe anema, mcrocytosis,

spl enonegal y, jaundice and expansion of marrow space. Henogl obi n
el ectrophoresis will show Ho E and significant increase in Ho F (30 to
6099 . Treatnent of severely affected individuals is simlar to

honmozygous beta thal assem a.

| ndi vi dual s who are conpound heterozygotes for Hbo E and " thal assem a
have m|ld to noderate disease with anem a, mcrocytosis, splenonegaly
and j aundi ce. Henogl obin el ectrophoresis will show Hb E (40%, Hbo A (1
to 30% and significant increase in Ho F (30 to 50%.
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HEMOGLOBIN "D"

There are a nunber of henoglobins termed Hb D based on migration on
henogl obi n el ectrophoresis. In general, they are of significance
because they mgrate in the sane position as Ho S on cel |l ul ose acet at e,
al kal i ne el ectrophoresis. They nove with Hob A on citrate agar, acid
el ectrophoresis. The nobility on isoelectric focusing is variable.

Het er ozygotes for Ho D and Hb A are normal. Honpbzygosity for Ho Dis
associated wth normal henoglobin | evels, decreased osnotic fragility
and sone target cells. Double heterozygotes for Ho D and B t hal assem a
have m | d anem a and m crocytosis.

There are D henoglobins that interact with Hb S Ho D-Los Angel es
(al so called D-Punjab has a substitution of glutamne for glutamc acid
at B 121. Individuals who are conpound heterozygotes for Ho S and Hb
D-Los Angeles have noderately severe henolytic anema and pai n
epi sodes. They may have all of the conplications that are seen in
sickle cell anem a

Ho D-Ibadan has a beta 87 substitution of Ilysine for the nornmal
t hreoni ne. Conmpound het erozygotes for Ho S and Hb D-1 badan have | ess
anem a and usually do not have other conplications.

Ho D will mgrate with Ho S on cellulose acetate electrophoresis,
however, a solubility test will be negative. Confirmation of suspected
Hb S requires electrophoresis with citrate agar, HPLC, isoelectric
focusing or other techniques before counseling is offered because of
this potential a for false positive initial testing result.
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HEMOGLOBIN "J"

There are 58 henogl obi ns designated Ho J by el ectrophoretic nobility
(fast band) on cellul ose acetate el ectrophoresis. The vast najority of
these are of no clinical significance. There are 6 that are unstable
and Hb J-Cape Town has increased oxygen affinity. The potential for
interaction with Ho S is not defined.

The el ectrophoretic pattern observed may vary significantly dependi ng
on whether the alpha or B chain is involved in the miutation and with the
stability of the J variant. Hbo J-Baltinore is the nost common found in
Nort hern European and sone African Anmericans.

Most have no clinical significance and extensive testing and counseling
is not generally indicated. Extended testing at a reference | aboratory
may be indicated if erythrocytosis (high henoglobin) or anema is
present .
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HEMOGLOBIN G - PHILADELPHIA

Hemogl obin G Philadel phia (Hb GPhil) is an alpha chain variant which
is often associated with deletion al pha thalassema of the cis (linked)
al pha gene. The frequency is increased in African Anericans, nmaking

this the nobst conmon al pha gene variant in this popul ati on.

The electrophoretic nobility is the sane as Hb S on cellul ose acetate,
causi ng occasi onal m sdiagnosis of sickle trait.

This henpglobin variant has no clinical consequences. I ndi vi dual s
shoul d be reassured that there are no clinical problens.

Nurrer ous el ectrophoretic bands can occur when Hb G Philadel phia is
present. Wen Hb AAis present, there is wusually 25 to 40% Hb G Phil

and a faint band of Gin the carbonic anhydrase |ocation. Abnor mal
density of the Hbo S band is present wth Ho AS and Ho GPhil. Four
bands are seen with Hb AC and G Phil. In newborns, hybrids wth Hb F

are also observed providing potential for nultiple bands when other
variants are al so present.

Rar e exanpl es of henogl obin H di sease have been described in
association with Hb GPhil. In these two famlies, the G Phil gene
nmutation linked to a deletion alpha thalassema was inherited with a two
gene del etion al pha thal assem a. Genetic counseling is probably not

i ndicated unless the famly is known to carry a two gene deletion, cis
al pha thal assem a 1 phenot ype.
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HEMOGLOBIN CONSTANT SPRING

Henogl obin Constant Spring (Hb CSpr) is an alpha chain variant with
an el ongated al pha globin chain of 30 amno acids. This is caused
by a nutation that alters the nRNA term nati on codon

I ndividuals with Ho CSpr may have increased henogl obin Barts in newborn
screeni ng sanpl es. El ectrophoretic nobility is between carbonic
anhydrase and Hb A, on cellul ose acetate. The percentage is usually
about 1% in heterozygote carriers, 5 to 7% in honozygotes, and 3 to 5%
i n henogl obin H di sease caused by Hbo CSpr with trans two gene del etion
al pha t hal assem a

Het erozygotes with Hbo CSpr and two normal trans al pha genes
are hematologically normal. Honozygotes for Hb CSpr have a mld
hermol ytic anem a and nmay have spl enonegal y. I ndi viduals with

hemogl obin H disease from Hb CSpr and two gene deletion al pha
t hal assem a have a noresevere disease with nore Ho H and Bart's
than three gene del etion al pha thal assem a

Ho CSpr is common in Southeast Asia and found in high frequency in
American inmgrants from sonme of these areas. Hb CSpr al so has been
found in G eeks. Counseling is indicated in individuals from these
geogr aphi ¢ areas because of the high incidence of cis al pha thal assem a
1 which puts couples at risk for having infants with Hb H di sease (see
al pha thal assem a).
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HEMOGLOBINS "N"

This group of 6 fast henogl obi ns has el ectrophoretic nobility between
Ho J and Ho H on cellul ose acetate el ectrophoresis. Hb N-Baltinore is
the nost prevalent N henoglobin in African Americans. There are no
associ at ed hemat ol ogi cal abnormalities and counseling is not indicated.
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HEMOGLOBIN O-ARAB

Henogl obin O Arab has significance in sickle syndrones because it
interacts with Ho S to produce clinical manifestations approaching the
severity of Ho SS di sease. The anino acid substitution is |lysine for
glutamc acid in the B 121 position.

Het erozygote carriers have no clinical manifestations. Conmpound
het erozygotes for Ho S and Hb O Arab have henoglobins in the 7 to 8
gnfdl range with reticul ocytosis, jaundice, splenonegaly, episodes of
pain and many other conplications seen in Ho SS disease. Conmpound
het erozygotes for Hob O Arab and B thal assem a have nanifestations
simlar to thalassem a internedia.

El ectrophoretic mobility is in the Ho A, / C position on cellul ose
acetate and between Hbo S and Hob A on citrate agar, pH 6.2. Mgration
on isoelectric focusing is with Ho E and Ho C Harl em

These henogl obins occur in individuals from North Africa, Arabia,
Bul garia and the eastern Mediterranean area. Counseling of carriers is
i ndi cated because of the potential for interaction with Ho S and B3
t hal assem a producing significant disease.
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GEORGIA LAW



GEORGIA HEALTH CODE ANNOTATED CITATIONS RELATED TO

31-12-5.

(a)

(b)

31-12-6.

(a)

(b)

(c)

(d)

THE GEORGIA GENETIC SCREENING PROGRAM

State-wi de network for nedical genetics services.

The departnent and appropriate nedical centers shal
cooperate in the developnment of a state-wi de network for
medi cal geneti cs.

The network shall be available state-wide and wll be
responsi ble for training of personnel in genetics, research
in inborn errors of netabolism and quality control of
| aboratory services for genetics. This system shall also
provi de counseling regarding genetically caused disorders.
(Code 1933, § 88-1203, enacted by Ga. L. 1978, p. 2262, § 2.)

Code conmi ssion note. - This section was enacted as § 88-1203, by GA L.
1978, p. 2262, § 2. Since this section nunber had previously been
enacted by the General Assenmbly, this section was codified at § 88-
1201. 3.

System for prevention of nmental retardation resulting from
i nherited netabolic disorders.

The departnment shall pronmulgate rules and regulations
creating a systemfor the prevention of nental retardation
caused by Phenyl ketonuri a, Gal act osem a, Tyr osi nem a,
Honocystinuria, Maple Syrup Urine D sease, Hypothyroidism
Congenital Adrenal Hyperplasia and such other inherited
met abolic disorders as nay be determned in the future to
cause nental retardation if undiagnosed and untreated. The
system shall have five conponents: screening newborns for
the disorders; retrieving potentially affected screenees back
into the health care system acconplishing specific
di agnoses; initiating and continuing therapy; and assessing
t he program

The entire process for screening, retrieval, and diagnosis
must occur within the first three weeks of an infant's |ife,
and the system shall be structured to neet this critica
need.

The departnent shall be responsible for the screening of all
newborns for the disorder and shall be responsible for
assessnment of the program

The departnent shall, to the extent state or federal funds
are avail abl e for such purposes, including but not limted to
funds provided under Title V of the Social Security Act
maternal and child health funds, provide for retrieving
potentially affected screenees back into the

health <care system acconplishing specific diagnoses;
initiating and continuing therapy; and assessing the program
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(e)

31-12-7.

(a)

(b)

Because the rudinments of such a system already exist, the
departnent shall wutilize appropriate existing resources
whenever possible and shall cause the coordination and
cooperation of agencies and organi zati ons havi ng resources
necessary for the creation of an effective system ( Code
1933, § 88-1202, enacted by GA. L. 1978, p. 2262, § 1.)

Code conmi ssion note. - This section was enacted as § 88-1202 by GA. L
1978, p. 2262, § 1. Since this section nunber had previously been
enacted by the General Assenbly, this section was codified at § 88-
1201. 2.

U S Code. - Title V of the Social Security Act, referred to in
subsection (d) of this section, is codified as 42 U S.C A 88§ 701-716.

The 1989 Anmendnent, effective July 1, 1989. inserted
"congenital adrenal hyperplasia" in the first sentence in
subsection (a).

Rul es and regul ations regarding tests for phenyl ket onuri a,
sickle cell anem a, and sickle cell trait; counseling.

The departnent, or its successor agency or departnent, shall
adopt and pronmulgate appropriate rules and regulations
governing tests for Phenyl ketonuria, Sickle Cell Anem a, and
Sickle Cell Trait so that as nearly as possible all newborn
i nfants who are suscepti bl e or likely to have
Phenyl ketonuria, Sickle Cell Anema, or Sickle Cell Trait
shall receive a test for Phenyl ketonuria, Sickle Cell Anem a,
or Sickle Cell Trait, or all of such conditions as soon after
birth as successful testing and treatnent therefore nmay be
initiated; provided, however, that this Code section shal
not apply to any infant whose parents object thereto on the
ground that such tests and treatnment conflict with their
religious tenets and practices.

I f any such child is found to have Phenyl ketonuria, Sickle
Cell Anema or Sickle Cell Trait, it shall be the duty of the
exam ni ng physician or the departnent to informthe parents
of such child that the child is so afflicted and, if such
child has Sickle Cell Anema or Sickle Cell Trait, that
counseling regarding the nature of the disease, its effects,
and its treatnent is available wthout cost from the
departnment and the county board of health or county
departnent of health.
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*

(c)

It shall be the duty of the departnent and each county board
of health and county departnent of health, or their successor
agencies or departnents, to furnish counseling and advice to
any persons requesting such counseling regarding Sickle Cell
Anemia or Sickle Cell Trait, its characteristics, synptons,
traits, effects, and treatnent. Such counseling shall be
furni shed without cost to the person requesting it. (Code
1933, § 88-1201.1, enacted by Ga. L. 1966, p. 140, §8 1; Ga.
L. 1972, p. 962, § 1.)

31-12-5 through 31-12-7 Control of Hazards, D seases, Etc.,
CGeorgia Health Code Annotated Citations, pp. 239-240.
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RULES OF DEPARTMENT OF HUMAN RESOURCES
PUBLIC HEALTH

CHAPTER 290- 5- 24
TESTI NG FOR | NHERI TED DI SORDERS
I N THE NEVBORN

TABLE OF CONTENTS

290-5-24- .01 Definitions 290- 5-24- .03 Enf orcenent
290-5-24- .02 Provisions

290-5-24-.01 Definitions. Unless a different nmeaning is required by the

cont ext,

the followwng terns as used in these rules shall have the

meani ng hereinafter ascribed to sane:

(a)

(b)

(¢c)

(d)

(e)

()

(9)

(h)

(i)

"Departnent” neans the Departnent of Human Resources of the
State of Ceorgia;

"Adequate bl ood test" nmeans any test or procedure capabl e of
detecting the screening criteria established by the
Depart nent ;

"Approved |aboratory”" neans a |aboratory licensed by the
Departnment to perform tests in netabolic studies which
include tests for Phenyl ketonuria, Galactosem a, Tyrosinem a,
Honocystinuria, Maple Syrup Urine D sease, Hypothyroidism
Congenital Adrenal Hyperplasia and the subcategory which
i ncl udes sickle cell henogl obin testing;

"Phenyl ket onuri a" nmeans an inherited error in the nmetabolism
of phenyl al ani ne;

"Gl actosem a" neans an inherited error in the netabolism of
gal act ose;

"Tyrosi nem a" neans an inherited error in the nmetabolism of
t yrosi ne;

"Honocystinuria® neans an inherited error in the netabolism
of rmet hi oni ne;

"Mapl e Syrup Urine D sease" neans an inherited error in the
met abol i sm of | euci ne, isol euci ne and val i ne;

"Hypot hyroi di snf neans a deficient anmount or activity of
t hyroi d hor none;
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(1)

(k)

(1)

(m

(n)

(0)

(p)

(a)

(r)

"Abnormal test result"” neans any test result different from
the screening criteria as determ ned by the Departnent for
Phenyl ket onuri a, Gal actosem a, Tyrosinem a, Honocystinuri a,
Mapl e Syrup Urine Disease and Hypot hyroidi sm (thyroxine),
Congeni tal Adrenal Hyperplasia or revealing the presence of
si ckl e henogl obi n;

"Physician" nmeans a person lawfully licensed in this State to
practice medicine and surgery pursuant to Chapter 43-34 of
the Oficial Code of Georgia Annotated;

"Hospital"” means any institution designed, equipped and
staffed to receive two or nore persons for diagnosis,
treatnent and other health services under the supervision of
a practitioner for periods continuing twenty-four (24) hours
or longer, and in which professional policies are adopted by
the governing body after consultation with the active
pr of essi onal staff;

"Appropriate nmedical facility" means a facility designated by
the Departnent with a full-service consultative program which
is capable of performng diagnostic tests, appropriate
therapy and genetic counseling for inherited netabolic
di sorders and abnornmal henogl obi n;

"Patient Required Information" neans information as specified
on fornms provided by the Departnent for this purpose;

"Sickle Cell Anem a" refers to sickle cell syndronmes in which
an individual has inherited sickle cell henogl obin from one
parent and, either sickle cell henoglobin, or another
abnormal henogl obin, from the other parent resulting in a
clinically significant sickling disorder.

"Sickle Cell Trait" means a condition in which the individual
has inherited sickle cell henoglobin from one parent and
normal henogl obin from the other (heterozygous). O her
traits occur when the individual has inherited another
abnormal henogl obin from one parent and normal henogl obin
fromthe other.

"Si ckl e cell henogl obi n" neans an abnormal henogl obi n whi ch
results from an inherited defect and which produces the
si ckl i ng phenonenon in erythrocytes;

"Counsel” mnmeans the giving of information and advice
appropriate to the individual situation;
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(s)

"Congeni tal Adrenal Hyperplasia” neans an inherited error in
t he nmetabolism of steroid hornones;

Aut hority OCGA SECS. 31-2-4, 31-12-5, 31-12-6, 3-12-7.
290-5-24- .02 Provi si ons.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Every live born infant shall have an adequate bl ood test for
all disorders defined in Rule 290-5-24-.01 unless its parents
for religious reasons object to such testing.

When a live birth occurs in a hospital the physician shal
have a specinmen of the infant's blood taken prior to the
infant's discharge fromthe hospital

The infant's blood for these tests shall be collected not
earlier than forty-eight (48) hours after birth and no | ater
t han when the infant is one week ol d.

If the infant born in a hospital is discharged before forty-
eight (48) hours after birth, a blood specinen shall be
collected prior to discharge. 1In this case the newborn nust
be tested again prior to one week of age. The adm nistrator
or a designated representative shall provide witten notice
of this requirenent to the parents, guardian, or other
| egal Iy responsi bl e person.

The bl ood sanple and the required patient information nmust be
sent to an approved | aboratory on the day of collection for
an adequate test.

Wen a live birth occurs in a facility other than a |icensed
hospital, it shall be the responsibility of the person in
charge of the facility or the person in attendance, to give
witten notice to the parents, guardian or other legally
responsi bl e person of the legal requirenents for the newborn
to be tested and to advise where testing can be obtained.

Laboratories performng blood tests for the detection of
Phenyl ket onuri a, Gal actosem a, Tyrosinem a, Honocystinuri a,
Mapl e Syrup Wrine D sease, Hypothyroidism Congenital Adrena
Hyperplasia and Sickle Cell henoglobin for the purpose of
satisfying the | egal requirenents for testing newborns shal
report all such test results to the attending physician and
the hospital where the birth occurred; the results shall be
made a part of the clinical record. Such |aboratories shal
report all results for Phenyl ketonuria, WMple Syrup Ui ne
Di sease, Tyrosi nem a, Honocysti nuri a, Gal act osem a,
Hypot hyroi dism Congenital Adrenal Hyperplasia and Sickle
Cell henoglobin to the Central Laboratory of the Departnent
on the day the testing is conpleted and this report shal
include the patient's required information.

In the event of an abnormal test result for Phenyl ketonuri a,
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Mapl e Syrup Urine D sease, Tyrosinema, Honocystinuria,
Gal act osem a, Hypot hyroi dism and Congeni t al Adr enal
Hyperpl asi a and Sickle Cell henogl obin the |aboratory doi ng
the testing shall notify within twenty-four (24) hours the

appropriate nedical facility, who wll telephone the
attendi ng physician. |If the appropriate nmedical facility is
unable to reach physician, it will then contact the parents
by tel ephone. If the parents cannot be reached or are non-

responsive, the appropriate nedical facility will contact the
| ocal health departnent for assistance.

Aut hority OCGA SECS. 31-2-4, 31-12-5., 31-12-6, 31-12-7.
290-5-24-.03 Enforcenent. The adm nistration and enforcenent of
these rules and regul ations shall be as prescribed in Chapter 31-5
of the Oficial Code of CGeorgia Annotat ed.

Aut hority OCGA 31-2-4, 31-12-5, 31-12,6, 31-12-7.
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RESOURCES FOR NEWBORN SCREENING AND
CLINICAL INFORMATION

Contact Persons for Metabolic Disorders:
Louis J. Elsas, I, MD.

Paul M Fernhoff, M D.

R Dwai n Bl ackston, M D.

Ni col a Longo, MD., MP.H

Enory University School of Medicine
Department of Pediatrics

Di vi sion of Medical Cenetics

2040 Ri dgewood Drive

Atlanta, Georgia 30322

(404) 778- 5000

Ask for the geneticist or the pediatric endocrinol ogist on call.

David B. Flannery, MD.

* PKU, MSUD, Honocystinuria, Tyrosinem a and Gal act osem a
(706) 721-2809

WIlliamH Hoffman, M D

* Hypot hyroi di sm and CAH

(706) 721-4158

Departnent of Pediatrics

Medi cal Col | ege of Georgia

Augusta, Georgia 30912

(706) 721-2390

Contact Persons for Sickle Cell and Other Hemoglobinopathies:
Medi cal Col | ege of Georgia

Kat hl een McKie, M D.

Pediatric Sickle Cell Center

HF 1107

Augusta, GA 30912-3730

(706) 721-0174

CGeorgia Sickle Cell Center at G ady Hospital
Ji m Eckman, M D.

P. O Box 109

80 Butler Street

Atlanta, GA 30335

(404) 616-5982

24 hour nunber: (404) 616-3572
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Contact Persons for Specimen Collection and Testing:
Laborat ory Manager

Newbor n Screeni ng Laboratory

Di vision of Public Health

Departnent of Human Resources

1749 d ai rnont Road

Decatur, Georgia 30033-4050

(404) 327-7951

M Ramachandran, Ph.D.

Laboratory Cinical Program D rector
Newbor n Screeni ng Laboratory

Di vision of Public Health

Departnent of Human Resources

1749 d ai rnont Road

Decatur, Georgia 30033-4050

(404) 327- 6800

Order collection kits from:

Georgia Public Health Laboratory
Laboratory Support Services

1749 d ai rnont Road

Decatur, Georgia 30334

(404) 327- 7920

Confirmation Testing for Sickle Cell Diseases:
Leslie Holley

Medi cal Col | ege of Georgia

Henogl obi n Laboratory

1120 15th Street

AC 1004

August a, Georgia 30192

(706) 721-9640

Counseling Extended Family Testing for Sickle Cell Traits:

Jean Brannan

Executive Director

Sickle Cell Foundation of Georgia
2391 Benjamn E. Mays Drive, S.W
Atl anta, Georgia 30311

(404) 755- 1641

Information on the Genetics Program, including posters, videotapes and technical

assistance:

Mary Ann Henson, R N., M S N
CGenetics Program Manager
Children's Health Services Unit
2600 Skyland Drive, NE
Atlanta, Georgia 30319

(404) 679- 0527
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