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Abstract: Urea cycle disorders (UCDs) comprise a group of recessive and one X-linked
inherited errors of protein metabolism that, due to insufficient detoxification of excess
nitrogen, can lead to severe neurological disease. The key feature, but at the same time
only a surrogate marker of UCDs, is the resulting mild to severe hyperammonemia.
Biochemical analysis is needed to strengthen the suspicion of any underlying UCD but
remains for the majority of cases rather indicative than diagnostic due to the lack of
definite markers. Thus, in order to confirm a specific UCD, mutation analysis or enzyme
assays are the methods of choice. Because of the drastic clinical complications of severe
hyperammonemia, an early diagnosis before onset of symptoms would be desirable. The
best way to achieve this would be to implement a general newborn screening for these
disorders. However, there are several challenges that need to be overcome before newborn
screening for UCDs can be introduced. This review will briefly describe the technical and
clinical challenges involved in newborn screening for UCDs and will then discuss current
experiences with this approach.
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1. Introduction

The great success of newborn screening (NBS) for a growing list of mainly but not only metabolic
diseases renders the inclusion of further target disorders attractive. A natural choice would be the
group of urea cycle disorders (UCDs) as they fulfill most of the criteria set for neonatal mass
screening [1-3]. However, at the same time controversy remains regarding several important aspects
including the choice and availability of biochemical markers for NBS, the question whether early
detection of patients will benefit their outcome, and the situation of UCD patients with mild
disease [4—12].

This mini-review will present an overview of the current situation of NBS for UCDs in different
countries. In addition, we will discuss some of the main challenges of NBS for UCDs and hereby focus
on the technical and clinical challenges. A major technical challenge is still the sensitivity of NBS for
the proximal UCDs. Major clinical challenges lie in the implications of mass screening, identifying
severely affected patients with very early onset of their disease possibly before NBS results are
available, as well as in the group of patients with rather mild disease in whom any benefit from pre-
symptomatic detection of disease remains controversial.

2. Technical Challenges

Developing a mass screening test requires the availability of a parameter that indicates the presence
of'a disease. Commonly, metabolites are used as screening parameters, but this still poses a challenge,
as already described 34 years ago [13]. As the direct measurement of ammonia is not feasible in NBS,
glutamine would be another metabolite that is generally elevated in UCDs [14]. However, glutamine is
unfortunately highly unstable and thus spontaneous glutamate and pyroglutamate formation lead to
false low glutamine levels [12], rendering glutamine currently not a suitable screening parameter.
Likewise, orotic acid, though often elevated in the urine of patients with ornithine transcarbamylase
(OTC) deficiency, cannot be used as a marker in blood.

Therefore, in the absence of a universal screening parameter for all UCDs, specific parameters or
the combination and ratios of specific parameters may be considered (Figure 1). Despite the fact that
all UCDs affect the function of the urea cycle and therefore lead to hyperammonemia, their
biochemical profile is very different [15]. The three mitochondrial enzymes, summarized if defective as
‘proximal’ UCDs [16], are the following: Carbamoyl phosphate synthetase 1 (CPS1, if defective
leading to CPS1 deficiency, CPS1D, #237300), OTC (if defective leading to OTCD, #311250), and
N-acetylglutamate synthase (NAGS, NAGSD, #237310), the latter being responsible for the
production of the allosteric activator of CPS1, N-acetylglutamate (NAG). The proximal UCDs result in
low or decreased plasma levels of citrulline and arginine, increased ornithine in OTCD and urine orotic
acid is often elevated in OTCD (Figure 1). The ‘distal’ UCDs comprise the deficiencies of
argininosuccinate synthetase (ASS, ASSD, #215700), argininosuccinate lyase (ASL, ASLD, #207900),
and arginase 1 (ARG1, ARGID, #207800). In contrast to the proximal UCDs with decreased citrulline
and arginine, there are elevations of specific metabolites in each distal UCD, namely citrulline in
ASSD, argininosuccinate in ASLD, and arginine in ARG1D and these metabolites can be easily used
as screening parameters in NBS [13] (Figure 1) as it is current practice in US newborn screening
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programs to detect these disorders. Recently, postanalytical interpretive tools such as ratios of
metabolites have been suggested as an opportunity to improve the sensitivity and specificity of NBS
for several disorders including the proximal UCDs but this approach is currently under
investigation [17]. In addition, the two transporter defects belonging to the group of UCDs, namely
ORNT1 deficiency (hyperammonemia-hyperornithinemia-homocitrullinuria (HHH) syndrome,
#238970) and citrin deficiency (citrullinemia type II (CTLN2) #605814, #603471) result in specific
elevation of ornithine in ORNT1 and citrulline in citrin deficiency. However, plasma ornithine in HHH
syndrome is not a reliable marker as it can still be normal in newborns, while homocitrulline in urine is
specific but not feasible for standard NBS using blood.
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Figure 1.The urea cycle and its metabolites. The proximal urea cycle disorders (UCDs)
framed in pink result in high plasma glutamine levels (indicated by upward pink arrow)
and low plasma intermediate metabolites (downward pink arrows). Orotic acid in urine is
often elevated (indicated by upward pink arrow) specifically in the case of OTC deficiency
(and possibly in other related disorders that are not subject of this review) and, to a lesser
extent, in distal UCDs (indicated by upward green arrow). The distal UCDs framed in
green result in the accumulation of their specific substrates in plasma (indicated by upward
green arrows). ARG, arginase 1; ASL, argininosuccinate lyase; ASS, argininosuccinate
synthetase; AST, aspartate transaminase; Citrin, glutamate/aspartate antiporter as part of the
malate-aspartate-shuttle; CPS1, carbamoyl phosphate synthetase 1; GDH, glutamate
dehydrogenase; GLNase, glutaminase; NAGS, N-acetylglutamate synthase; OTC, ornithine
transcarbamylase; ORNT 1, ornithine/citrulline antiporter.
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3. Clinical Challenges

There are two main clinical issues that should be considered when discussing NBS for UCDs.
The first issue is related to the stormy clinical course at the time of presentation in many neonatal-onset
UCD patients. Quite often, and especially in severely manifesting proximal UCDs, first symptoms
occur soon after birth between 12 and 72 h of age [4,7,18]. Patients may then rapidly deteriorate as a
result of the overwhelming hyperammonemic crisis with mainly neurological symptoms including
somnolence, vomiting, or coma. In most countries, sampling for NBS is done on day 3 or 4 of life.
Even with perfect organization of neonatal mass screening, it will take about three days until the
results become available. By that time, patients with a complete loss of enzyme or transporter function
within the urea cycle will most likely be in deep hyperammonemic coma, if not already diagnosed and
treated on the basis of their clinical presentation [19-21]. In other words, the diagnosis from NBS in
these patients comes too late unless we assume a situation in which the diagnosis has not yet been
made despite the severe clinical deterioration of the patient. The impact on infants presenting clinically
before the results of NBS are available has recently been reviewed [4]. The authors stressed that
although results were late, some patients still benefited from the availability of results shortly after
presentation. Likewise, minimizing total process times from sampling until report of the results can
probably reduce the number of infants with a clinical presentation before the results of NBS [4,7].

Besides this scenario, there is another clinical situation that challenges the introduction of mass
neonatal screening for UCDs. At the mild end of the spectrum, there are patients described with a late-onset
of disease with only a single, few or even absence of symptom(s) and only a biochemical phenotype.
These patients were, for instance in the case of ASSD, described as suffering from mild citrullinemia
type 1 [22], a condition allelic to classical citrullinemia type 1 but nevertheless much milder and with
less, if any need for medical intervention. Such patients were often identified in neonatal screening
programs and it has been discussed whether their mild phenotype would result from early detection
and initiation of treatment or from a relevant residual enzyme or transporter function [5,6,9,11]. It has
been suggested that metabolites and/or mutation analysis may help to identify attenuated patients in an
attempt to avoid “medicalization of non-diseases, potentially unnecessary treatment and unnecessary
anxiety to parents” [11] but this approach would need further studies.

Based on the fact that in several of the patients with attenuated UCDs mutations have been
identified that retain some residual enzyme function [23,24], it is likely that mild ASSD or ASLD
result from relevant residual enzyme function. Therefore, the question remains whether such patients
should be identified at all by neonatal screening, or whether finding of these patients is unwanted since
it results in unnecessary medical intervention and stress for the family. These concerns are of course
relevant for most target diseases of neonatal screening, although the proportion of mild cases may be
especially high in the case of ASSD and ASLD. It is, however, the combination of the two challenges
mentioned here, the possible failure to report classical UCDs early enough together with the high
number of mild cases, which provides the particular challenge. To discuss this becomes even more
difficult with knowledge about some patients with mild disease who presented with late-onset but still
suffered from fatal hyperammonemia [25,26]. In those cases, knowledge about the disease would have
most likely prevented the fatal outcome, which can be considered as a strong reason for the introduction
of newborn screening.
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4. Current Experience with Neonatal Mass Screening for Urea Cycle Disorders

First neonatal mass screening programs in some states in the US, in Canada, and Australia in the
1970s and 1980s have used urine chromatography (as nicely reviewed in [13]). In parallel, several
screening labs in Austria, different states in the US, and New Zealand have used an enzyme-multiple
auxotroph screening test in dried blood spots for detection of ASLD, but also for ASSD and
ARGI1D [27]. This test was however soon abandoned in most places apart from Austria where screening
for ASLD was continued until the year 2000 but then as well stopped because of a high rate of newborns
with only mild disease [6].

Introduction of tandem mass spectrometry has brought a new technology allowing the analysis of
urea cycle metabolites as part of the amino acids profile in parallel to screening for other amino acid
disorders [8,28,29]; technical aspects are reviewed in [30]. Probably the largest experience in
screening for UCDs with this new technique was reported from Australia, where part of the population
was screened leading to identification of seven patients (4 OTCD, 2 ASLD, 1 CPS1D) between 1998
and 2002 [31]. While numbers in this study were too low to assess the impact of NBS on outcome of
the patients, the feasibility of the approach was proven even when OTCD and CPS1D were included.
At the same time, this study underlined previous concerns regarding the detection of mild cases,
described as “extra diagnoses in the screened group” [31]. Using arginine and citrulline as markers,
ASSD and ASLD are included in the expanded newborn screening program in some states in the US
(California, Massachusetts, Michigan, New York, Newark, Wisconsin) since 2001. Using citrulline as
a marker, ASSD and ASLD have been screened for as part of the ‘Recommended Uniform Screening
Panel’ in all of the United States since 2006. Published data from 6,077,736 births (covering years
from 2001 to 2012 for different states) resulted in a cumulative incidence of 1 in 117,000 newborns for the
two disorders [32].

Highlighting the difficulty to use low citrulline as a marker for the detection of proximal UCDs, a
study in Tuscany applying LC-MS/MS was performed between 2001 and 2008 [10]. The authors
concluded that “hypocitrullinemia is not a reliable marker for OTCD newborn screening, especially for
late-onset forms that may exhibit normal citrulline levels”. It will be interesting to learn from the
experience in those states in the US (California, Connecticut, Massachusetts) that screen for OTC
deficiency by use of glutamine/citrulline (and other) ratios. Low citrulline concentrations may also be
found in other metabolic disorders further challenging its use as screening marker [33,34]. In a recent
UCD guideline, it was therefore concluded that NBS for proximal disorders cannot currently be
recommended, but it may be considered for the distal UCDs [35].

5. Summary

It is mainly the clinical challenges that has let some authors to state that “population screening for
UCD is ... not indicated at present” [12]. Nevertheless, outcome of UCDs remains unsatisfactory for
many of the severely affected patients. Importantly, also late-onset UCD patients may face a bleak
prognosis if not identified and treated very fast [19,36]. Therefore, it seems to be indicated to follow
all strategies that possibly result in an improvement of the prognosis. NBS would clearly be one option
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to contribute to that aim and should thus be included in the package of measures [17]. The authors
therefore welcome the currently running pilot studies and also advocate a broad discussion including
healthcare professionals and patient advocate group to come to a balanced agreement on the still
controversial aspects of NBS for UCDs.

Until UCDs are widely included in NBS programs, it remains essential to identify patients as early
as possible. This requires a high index of suspicion within healthcare professionals but may also be
achieved by automatic ‘red flags’ for an improved surveillance as recently suggested [37].

Five decades after start of mass screening, we are still challenged on several levels but should
accept this as motivation to work for an improved outcome of patients with UCDs.
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