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starting from a single metabolic disorder 
in 1962, newborn screening (NBS) has 
expanded from identifying persons with 
phenylketonuria (PKU), to a national 
division of the public health system and 
includes metabolic conditions, hemoglo-
binopathies, endocrinopathies, infectious 
diseases, congenital hearing loss and cystic 
fibrosis.1 Modern technological advance-
ments, such as tandem mass spectrometry 
(MS/MS), have allowed for a higher 
volume of samples to be accessioned for 
an increasing number of conditions with 
better accuracy and in a more timely man-
ner. This advanced system still utilizes the 
original style of specimen, the ‘Guthrie 
specimen’ of dried blood spots on filter 
paper.2 With MS/MS, a single assay 
from a sample of this blood spot allows 
for screening for many inborn errors of 
metabolism. 

Screen positive results can be deemed 
‘true’ or ‘false’ after additional testing. The 
majority of positive results are eventually 
found to be ‘false positive NBS’ which can 
result from transient abnormalities due to 
neonatal physiological analyte variation, 
transient enzyme immaturity in preterm 
infants, iatrogenic factors, medications 
such as antibiotics, or maternal diet or 
medical conditions. This is usually deter-
mined by obtaining a new specimen and 
running a second MS/MS NBS.1–3 For 
more suspicious screen positive results, 
additional analyte levels can be assessed 
and second tier testing can be done on the 
original Guthrie filter paper blood spot, 
which improves the specificity of NBS 
and decreases the time for the infant to 
receive directed follow up care. Examples 
of these include the automatic molecular 
testing of common mutations for infants 
who are screen positive for galactosemia 
or cystic fibrosis.2, 4 

To provide more comprehensive and 
standardized newborn screening through-
out the country, the American College 
of Medical Genetics (ACMG) and the 

United States Health Resources and 
Services Administration recommended 
a uniform panel of 29 disorders for what 
is now called ‘expanded NBS’ in 2006.5,6 
At present, nearly every infant born in the 
country is screened for over 30 conditions 
in a standardized fashion, independent of 
the state of birth. While each metabolic 
condition included in NBS is quite rare 
(ranging in prevalence from one in 5,000 
to less than one in 200,000), the incidence 
of a newborn to have any of these col-
lectively is approximately one in 4,000 
births. 5 Early 21st century investigations 
revealed that even with only some states 
in the New England region utilizing 
expanded metabolic NBS, there was 
already over a 30% increase in affected 
infants being identified.7 Over six years 
later, this number has grown. The state 
of Rhode Island adopted the expanded 
NBS in July 2006.

All of the conditions that are part 
of metabolic NBS are chronic, requiring 
lifelong treatment and management. NBS 
allows for early identification of affected 
infants prior to clinical presentation and 
for implementation of treatment(s), to 
prevent or reduce symptoms of these 
disorders, which can include, but are not 
limited to: developmental delay, mental 
retardation, alopecia, ataxia, seizures, 
memory problems, metabolic acidosis, 
hyperammonemia, coma, and in some 
cases, death.2, 3 In this article, we report a 
newborn with a urea cycle defect which 
was detected by NBS. Diagnosis was con-
firmed and treatment was instituted prior 
to the infant becoming symptomatic.

CAse report
A boy was born at 40 weeks by vagi-

nal delivery to a G1P0 mother following 
a pregnancy complicated by intrauterine 
growth restriction (IUGR), bilateral 
hydronephrosis and mild hypospadias, 
weighing 5lbs 12oz (2.6kg). NBS speci-
men collection was obtained on day two 

of life. Four days after specimen collection, 
the NBS co-coordinators were notified of a 
sample showing increased argininosuccinic 
acid of 47.64 and an increased citrulline 
level of 73.39. This pattern was sugges-
tive of argininosuccinic aciduria (ASA), a 
disorder of the urea cycle. 

On day of life seven, the patient 
was alert and had a normal examination, 
however his plasma ammonia was elevated 
at 134 µmol per liter. The patient was 
treated for hyperammonemia using a com-
bination of sodium benzoate and sodium 
phenylacetate (Ammonul®) to reduce 
ammonia levels, arginine hydrochloride, 
IV dextrose solution and was made n.p.o. 
Metabolic laboratory evaluations for the 
biochemical diagnosis of ASA included 
plasma amino acids, urine organic acids, 
plasma ammonia level, electrolytes and 
glucose level. The results confirmed a bio-
chemical diagnosis of ASA. Due to initial 
insufficient oral intake during hospital 
admission, a nasogastric (NG) tube was 
inserted to ensure appropriate feeds until 
the infant could maintain proper oral in-
take. NG tube was discontinued at around 
two weeks of age. The infant continues 
to be well-managed at home on a calcu-
lated low protein diet of medical formula 
supplemented by pumped breast milk and 
arginine supplement. Molecular diagnosis 
confirmed the biochemical diagnosis of 
ASA with two previously reported disease-
causing mutations: c.1045_1057del13 
(p.V349fs) and c.1135C>T (p.R379C). 
The patient is growing adequately, and is 
developmentally appropriate for his age.

overview of AsA And the UreA 
CYCle

ASA, also known as argininosuccinate 
lyase deficiency (OMIM#207900), is a rare 
autosomal recessive disorder of the urea 
cycle. The homozygous loss of function 
of the argininosuccinate lyase (ASL) gene 
at 7cen-q11.2 leads to insufficient enzyme 
activity for proper metabolism of excess 
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nitrogen, in the form of ammonia, to be 
converted into urea for excretion.8,9 There 
are five main enzymes of the urea cycle with 
an important sixth that provides a neces-
sary co-factor for the initial reaction of the 
cycle (Figure 1). As depicted in the figure, 
ASL is the fifth enzymatic step in the cycle. 
With insufficient or absent function of the 
argininosuccinate lyase enzyme, arginino-
succinic acid and citrulline accumulate in 
the blood and argininosuccinic acid is ex-
creted in the urine. In addition to nitrogen 
metabolism, the urea cycle is responsible 
for the synthesis of arginine to supplement 
dietary arginine.9 In persons with ASA, this 
synthesis is prevented; causing arginine to 
become an essential amino acid. 

Clinical presentation of ASA patients 
can vary greatly. Severe presentations often 
result in neonatal death, while others with 
ASA may only have symptoms during 
illness or other times of environmental 
stressors. The clinical features of ASA can 
include: lethargy, vomiting, hypothermia, 
hyperventilation, hepatomegaly, progres-
sive encephalopathy, seizures, coma, and 
death. These symptoms all stem from 
rising ammonia levels in the blood and 
the brain.9 Since there is no alternative 
pathway for ammonia in the body, it can 
elevate in concentration rapidly in patients 

with urea cycle defects. During hyper-
ammonemic episodes, ammonia climbs 
to toxic levels, causing central nervous 
dysfunction and disturbances in cerebral 
metabolism, neurotransmitter systems, 
membrane potentials, pH, protein expres-
sion, calcium signaling, and mitochondrial 
functions, among other problems. 8,9 

Studies have examined the difference 
in outcome for patients with metabolic 
conditions identified by NBS compared 
to those who present clinically. Signifi-
cant differences were found in favor of 
those identified pre-symptomatically by 
NBS, with lower instances of cognitive, 
behavioral and motor deficits.10,11 Other 
factors that significantly influenced long 
term outcome include the prevention of 
hyperammonemic crises and the age at 
first hyperammonemic episode.11,12

Dietary management for patients 
with ASA is similar to those with other 
urea cycle defects. A protein-restricted 
diet will prevent excess nitrogen from 
entering the urea cycle and therefore 
prevent the resulting elevated ammonia. 
A standardized level of protein prescribed 
for this diet is based on weight and age.13 
Protein intake should allow for proper 
growth and prevent the body from enter-
ing catabolism—which produces nitrogen 

from stored protein. In children who 
frequently refuse feedings, are recurrently 
ill or have decreased intake, the placement 
of NG or gastrointestinal tubes may be 
necessary for proper intake for a period 
of time. Arginine supplementation is the 
second component of the medical diet 
for persons with ASA, as their bodies are 
unable to synthesize de novo arginine.14 
Patients who maintain their prescribed 
medical diet and seek medical attention in 
times of illness to prevent metabolic crises 
are expected to have normal outcomes.

newborn sCreening in rhode 
islAnd

In the US, every state performs meta-
bolic NBS, however until recently the 
panel varied greatly. Rhode Island imple-
mented the ACMG-recommended ex-
panded panel in July 2006, and it remains 
the standard metabolic screen. The state 
of Rhode Island benefits from its concen-
trated and multidisciplinary professionals 
who respond to positive metabolic NBS 
results. This team includes newborn 
screening co-coordinators, metabolic and 
genetic specialists, nursing staff, a genetic 
counselor, and a dietician specializing in 
the dietary needs of individuals with met-
abolic conditions. Our state’s metabolic 
screening co-coordinators notify the pri-
mary care provider of the positive screen 
and the necessary follow up testing, and 
then notify the patient’s parents/caregivers 
of the same. Based on the screen and/or 
follow up testing, patients are referred for 
further evaluation and management. A 
larger group of providers participate in the 
management of patients with true positive 
NBS results, including early intervention 
programs, developmental pediatricians, 
neurologists, gastroenterologists, physical/
occupational/speech and language thera-
pists, case managers, pharmacists, social 
workers and language interpreters.14 A key 
component of this multidisciplinary team 
is the patient’s pediatrician, who must be 
familiar with the conditions included in 
metabolic NBS, as well as their present-
ing clinical features.15, 16 For newborns 
discharged home soon after birth, the 
pediatrician is most likely to respond to 
early symptoms of metabolic disease in 
the first days of life, before NBS results are 
available. Some resources that may benefit 
pediatricians and other aforementioned 
providers are listed in Figure 2.

Figure 1. The Urea Cycle
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ConClUsions
The nationwide standardized expand-

ed NBS affords physicians and families the 
opportunity to identify individuals affected 
by rare inborn errors of metabolism and in-
tervene before clinical symptoms develop. A 
well-designed and specific protocol in each 
state/region allows for notification of posi-
tive newborn screen results and the neces-
sary follow up to occur appropriately. After 
identification, infants with these metabolic 
disorders require specific treatments and 
life-long multidisciplinary medical manage-
ment. This case exemplifies the benefits that 
a timely and well-coordinated metabolic 
NBS program provides to infants with posi-
tive newborn screen results.
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ACTion sheets for immediate steps following   www.acmg.net/resources/policies/ACT/condition-analyte-links.htm 
 positive screen by ACMG

Acute illness protocols from New England   newenglandconsortium.org/for-professionals/acute-illness-protocols/ 
 Consortium of Metabolic Programs 

Newborn screening Information by March of Dimes  www.marchofdimes.com/professionals/24279.asp

Screening, Technology and Research in Genetics  www.newbornscreening.info/ 
 (STAR-G) Newborn screening Factsheets 
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