PROTOCOL FOR NEWBORN SCREENING RESULT

Elevated C3 acylcarnitine (propionylcarnitine); possible propionic acidemia (PA) or
methylmalonic acidemia (MMA).

First Newborn screening result

IC3 markedly elevated, >12 nmol/L probable PA or MMA

PA (propionic academia) and MMA (methylmalonic academia) are inborn errors of
organic acid metabolism in which the organic acids derived from the amino acids
isoleucine, valine, threonine and methionine and odd chain faity acids cannot be fully
metabolised to succinyl-CoA (see diagram below). The organic acid intermediates that
accumulate are toxic. The mgor initid festure is metabolic acidosis.

Isoleucine

\aling T2 ot Propionyl-CoA— Methylmalonyl-CoA —— Succinyl-CoA

History and examination

Theinfant and parent(s) must be seen within the next day or two following notification
from the newborn screening program. A METABOLIC PHY SICIAN MUST BE
CONSULTED.

History

The infant may have anormd history. The mgority of patients, however, develop
symptomsin the first days or weeks of life. Poor feeding and vomiting can progress
rapidly to coma and death. Seizures occur in about 30% of affected infants. Since PA and
MMA are both autosomal recessive genetic disorders, there is a 25% chance that sibs of
the identified infant may adso have PA or MMA.. A family higtory of other children in the
family becoming serioudy ill or having developmentd deay is highly Sgnificart.

Examination

The infant may appear entirely hedlthy and well. If ill, the neonatd sgns are tachypnes,
hypotonia, lethargy, dehydration and hypoglycemia ANY signs of illness must be treated
asamedicd emergency and treated immediately.

IGo to Acuteillness protocol, PA or MMA |

If the child appearswell it is still essential to refer to the metabolic center to ensure
that the child and family recelve the necessary treatment and guidance to prevent
mor bidity. [Contact the metabolic physician for markedly elevated C3|

ENSURE THAT THE REPEAT NEWBORN SCREENING SAMPLE ISSENT TO
THE NEWBORN SCREENING LABORATORY AND THE RESULT OBTAINED
ASAP
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(Go toINNSGRC| for the state labs)

IDiscussion with parents for markedly elevated C3|

[Contact metabolic physician for markedly elevated C3

Y our loca metabolic physician can be found viajmetabolic physicians and specidisty

The metabolic physician’ srole
Provides you with information on PA and MMA.
Discussss, in further detall, the meaning of the test result with the family.
Starts appropriate m
Provides supportive counsdling for the family.
Undertakes |definitive investigations .
Provides genetic / prenatd counsdling.
Hospitdizes, if necessary, in ametabolic unit for acute illnesses. These infants
can not be managed consarvatively when they becomeill. The threshold should
be very low for hospitaization and very close metabolic monitoring by a
metabolic physcian.

Return to (discussion with parents for markedly elevated C3
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IDiscussion with parents for markedly elevated C3

Response to a reported newborn screening result must be undertaken in two parts:
Initid contact with the family, often by phone, to inform them of the newborn
screening result.

Meeting with the family at the office

Initial communication

Many parents want to know what the result is testing positive for and are reassured if
their doctor has knowledge of PA and MMA or has taken the time to find out about the
condition when informing the family (see|commonly asked questions).

Highly devated C3 acylcarnitine (propionylcarnitine) levels of >12 mmol/L usudly
means that the infant has PA or MMA.

PA and MMA aerelated diseases in which the amino acids leucine, vaine, methionine
and threonine cannot be fully metabolized to succinyl-CoA. PA and MMA arethe
penultimate and ultimate steps respectively in the metabolism of these amino acidsto
succinyl-CoA (see diagram of pathway). TREATMENT is avallable to help with both
these conditions. The maingtay of treatment is prevention and early aggressive treatment
forillness. It is essentia that parents arrange to see a metabolic doctor as soon as
possible.

In the office
Many parents do not understand newborn screening or the need to treat their apparently

healthy baby.

Parenta anxiety will be high and it is important to reassure them that
Treatment isavailable
Fallureto treat ababy with PA or MMA may result in life threstening illness that
could produce saizures, dystonia, chorea or menta retardation. Other known
complications of propionic acidemiainclude pancretitis, leukopeniaand
thrombocytopenia, heart failure and sudden death.

Treatment for PA or MMA is based on maintaining energy levels and avoiding life
threstening energy deficit. When this happens, the metabolic doctor must be contacted
and involved to ensure that al the necessary metabolic tests and measures are carried out.

Further counsealing, treatment and a mor e detailed assessment and testing of the
infant isrequired; ther efor e lcontact metabolic physician for markedly elevated C3
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ICommonly asked questions

1. What isPA or MMA?

PA isdso known as propionic acidemia. MMA is dso known as methylmaonic
acidemia. They are organic acid disorders and represent defects in the metabolism of
certain essentid amino acids. The inahility to completely metabolise these amino acids
leads to abuild up of toxic intermediate chemicals. This is often excacerbated at times
when the body is stressed( e.g. fasting, operations or infections). During these times the
body breaks down its own proteins to supply needed energy and as aresult, the amino
acids are metabolized into the toxic intermediates.

2. How and when will we know if my baby has PA or MMA?

If your baby’s newborn screening result showed a markedly elevated C3 levels, he or she
probably has PA or MMA.. The newborn screening test will be repeated and additiona
tests will be undertaken to help determine whether or not your baby has PA or MMA.
Typicdly, the results of these tests take up to 4 days to come back. Depending on the test
results, additiona testing can take a variable amount of time to confirm the diagnosis. In
avery smdl minority of casesit can be difficult to determine whether or not achild is
affected.

3. How did my baby get this?

PA and MMA are autosomal recessive genetic disorders. This means that your baby has
two abnorma genes, one from the mother and one from the father. Having only one
mutated gene (a carrier) does not affect aperson at all.

4. What doesit mean for my child?

If your baby has PA or MMA, he or she will have to have a specia protein restricted diet.
Most children with these conditions aso teke carnitine, amild supplemental medicine. If
your child becomesill, it may well be necessary early in theillness (i.e. when it might be
considered mild), to further restrict the protein intake for a short period of time or even to
provide extraenergy in the form of glucose through addition to food or, if necessary, by
intravenous infuson. By treeting your baby thisway it is possible to generdly prevent

the worgt effects of these conditions. However, babies and children with PA or MMA are
at risk from serious effects such as mentd retardation , loss of control of movement or
even deeth if dlowed to get sck throughout childhood. Therefore, it isimportant to
maintain vigilance, consder every illness serioudy and hospitalize for specidized
treatment early. Some children, despite the best trestment and care possible, will ill

have some dday though thiswill be sgnificantly lessthan if your child is not trested as
described above. Children with PA aso tend to have feeding difficulties up to the early
school years when this problem typicaly abates.

5. What isthetreatment? Doesit work? Isthe diet difficult to do/expensive?

PA or MMA is primarily trested by a protein restricted diet with supplemental amino acid
formula The specid formulawhich will keep your child well istypicaly ordered through
your metabalic clinic where the metabolic nutritionist will ensure that you are confident

in preparing it. The formula can be expensive; however, your metabolic clinic will assst
you in obtaining it through your health care provider or Sate agency.

6. What about my other children/future children?

As PA and MMA ire inherited conditionsit is essentid to have your other children tested.
Children from the same father and mother as the affected infant have a1 in 4 (25%)
chance of having the same condition. Y our other children can gppear hedthy and il

NBS PA or MMA results protocol 02/03




have the disease. If they have PA or MMA, successtully having westhered illnessesin the
past is no guarantee that an iliness in the future will not have serious consegquences.
Sincethereisarisk for having a future child with PA or MMA it isimportant to let your
obgtetrician and pediatrician know that you have a child with PA or MMA if you are
planning future pregnancies so that they may discuss the options with you and prepare
accordingly.

IDefinitive Investigationsy

1. Quantitative urine organic acids

In symptomatic patients with PA thereisan increase in propionyl-CoA metabolites. (This
isaso the casein MMA when secondary inhibition of propionyl-CoA carboxylase
occurs). These eevations, particularly in PA, include 3-hydroxypropionate and
methylcitrate. Also elevated to alesser degree are 3-hydroxyisovderic acid, tiglic acid,
tiglylglycine, propionylglycine, 2-methyl 3-hydroxybutyrate and 3-hydroxybutyrate.
Methylmdonic acid is highly devated in MMA, whereas it is absent in PA.

The presence of ketones, especidly in large quantitiesis highly suggestive of PA or
MMA, particularly in the neonatd period when ketones are typicaly absent.

2. Plasma acylcarnitines

The profile of patientswith PA or MMA is characterized by increased propionylcarnitine
(C3) as determined by tandem mass spectrometry.

3. Acutelaboratory tests

Acute management labs should take priority (blood glucose, plasma ammonia, blood
gases, eectrolytes and urinalysis for ketones). Diagnostic and follow up management
labs during acute iliness include urinalysis for ketones, urine for oraanic acids, plasma
acylcarnitines and plasma amino acids. See| Acuteillness protocol, PA or MMA |

4. Enzyme assay.| Go to genetests

Propionyl-CoA carboxylase and methylmaonyl- CoA mutase enzymatic activity can be
mesasured in cultured fibroblagt cdlls (e.g. from askin biopsy).

5. Molecular testing

Genotyping is available for both PA and MMA. | Go to genetesty
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Treatment

Diet

The maingay in trestment of PA or MMA beyond the immediate acute neonatd illnessis
specific dietary trestment with redtriction of valine, isoleucine, methionine and threonine.
Often supplementa amino acids, necessary to avoid generd amino acid deficiency dtates,
is provided through night-time gedtric feeding.

Congtipation (appliesto PA only)

Condtipation leads to an increase in gut flora production of propionic acid. It istherefore
important to ensure that children with PA do not become congtipated. It may aso be
necessary at times to provide antibiotic clearance of the gut bacteria usng neomycin or
metronidazole. Protocols for this are generdly indtituted by the metabolic physician
caring for the child with PA.

Carnitine

Carnitine at adose of 100mg/kg/day appearsto help by converting the toxic propionyl-
CoA to propionylcarnitine and releasing CoA intracellularly for other metabolic needs.
Carnitine is dso useful in both PA and MMA to treat hypocarnitinemia

B12 (appliesto MMA only)

Mild cases of MMA may be helped by B12. A tria of B12 under careful metabolic
control may be warranted and, where successful, may alow aless stringent protein
restricted diet.

Acuteillnesstreatment

Any time the child is sick an eva uation should be made and the child’ s metabalic
physician contacted. Protein intake must initialy be restricted or stopped entirely.
Prophylactic intravenous 10% glucose should be given if the child isunable to egt or is
vomiting or physiologicaly stressed, even mildly, to prevent catabolism and consequent
release of toxic amino acids The threshold for aggressive treetment should be very low.
Condtipation should be treated aggressively.

Note: it isimportant not to prolong protein free diet as thiswill quickly lead to a catabolic
gate. The metabolic physician should be the doctor determining daily protein alowance.
All patients should be provided with an up to date persondized "emergency” |etter for an
ER or other doctors who are probably not familiar with PA or MMA.. This|etter should
include management issues and emphasize the importance of preventive measures (e.g.,
IV 10% glucose regardless of "norma” laboratory results and the telephone numbers of
the patient's metabolic speciaist who needs to be contacted to discuss management). See
IAcute illness protocaol.
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