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Abstract

The clinical and biochemical findings in a cohort of 51 patients with urea cycle disorders followed at the Hospital Garrahan, Buenos
Aires, Argentina were analyzed at the time of diagnosis (3 female patients were excluded). Of this cohort, 13/48 patients had early-
onset (EO), 23/48 had late-onset (LO), and 12/48 had a different presentation because they had a family risk background (FRB)
and had been diagnosed since they were born. The most frequent deficiency disorder was OTCD (65%). The initial ammonium
value was evaluated, being higher in the EO group, with a statistically significant difference when compared with LO and FRB. 15/48
patients fell into a coma at the time of diagnosis, mean ammonia was 829.54 pmol / L, and 33/48 did not fell into a coma, the mean
ammonium was of 159.3 ymol / L (p = 0.001). 15 patients died: 62% EO, 22% LO (p=0.0216), 17% FRB. A molecular study was
performed on 35 patients. Patients with EO presentation suffer the most severe forms and still have high morbimortality. On the
other hand, LO forms are forms of less severity that are finally diagnosed as a result of one or more acute episodes.
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Introduction of the aspartate/glutamate transporter (CITRIN) produces
what is known as deficiency of citrine or citrullinemia type
The Urea Cycle Disorders (UCDs) are diseases comprehendedin  JT (OMIM # 605814). Furthermore, the urea cycle requires
the Inborn Errors of Metabolism. The urea cycle is producedin  the activity of the enzyme N-acetylglutamate synthetase
the periportal hepatocytes and is responsible for the detoxification  (NAGS, OMIM # 237310) to produce the allosteric activator of
of ammonium and the main source of arginine, citrulline,and  CpS1,N acetylglutamate (NAG), OMIM #207800) [2-3], and the
ornithine biosynthesis. It is made up of five enzymes and two  intramitochondrial flux of bicarbonate generated by carbonic
transporters, therefore, the deficit of the enzymes that are anhydrase Va (CAVA, MIM * 114761) [4].
part of the urea cycle (Figure 1) and their transporters are the
so-called primary hyperammonemia [1] and define the Urea
Cycle Disorders.

The UCD may be altered by any of the following deficiencies:
deﬁdency Ofcarbamoyl phosphate Synthetase 1 (CPSH)’ OMIM 2 Hospital Prof. Dr. Juan P. Garrahan, Laboratorio de Biologia Molecular, Servicio
# 237300); deficiency of ornithine transcarbamylase (OTCD, de Genética, Buenos Aires, Argentina.

OMIM # 311250); deficiency of argininosuccinic synthetase

(ASSD) or citrullinemia type I (OMIM # 215700); deficiency of =~ *These authors contributed equally to this work.
argininosucciniclyase (ASLD, OMIM # 207900); and deficiency
of arginase 1 (ARG1D, OMIM # 207800). The deficiency of
the mitochondrial ornithine/citrulline antiporter (ORNT1)
produces the syndrome hyperornithinemia, hyperammonemia,  corresponding Author:
homocitrullinemia (HHH, OMIM # 603861) and the deficiency ~ Ana Clara Bernal, Email: anaclarabernal@gmail.com

" Hospital Prof. Dr. Juan P. Garrahan, Servicio de Errores Congénitos del
Metabolismo, Buenos Aires, Argentina.
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Figure 1. The Urea Cycle. ASL: Argininosuccinic lyase. ASS: Argininosuccinic synthetase. ARG1: Arginase 1. ATP: adenosine triphosphate. CITRIN:
aspartate/glutamate transporter. CPS1: Carbamoyl phosphate synthetase 1. NAGS: N-acetylglutamate synthetase. ORNT1: Mitochondrial ornithine/

citrulline. OTC: Ornithine transcarbamylase.

Except for OTCD, which is linked to the X chromosome,
all other enzyme deficiencies are autosomal recessive traits [5].

Currently, the incidence of UCD in Latin America is not
known. There are few publications describing patients of
Argentina, and they lack accurate information on the incidence
of these diseases [6-9]. However, according to the European
guidelines for the diagnosis and treatment of urea cycle disorders,
the incidence is estimated to be 1: 8,000-1: 44,000 live births [10].

The UCDs present clear biochemical characteristics that
allow their diagnosis. Hyperammonemia being the first.
Hyperammonemia may be accompanied by liver failure, hepatitis,
and respiratory alkalosis. Disease specific aminoacids profiles
included elevation of citrulline, arginino succinic acid (ASA),
arginine, ornithine (in combination with orotic aciduria), in
distals UCDs (ASSD, ASLD, Arginase and HHH). Non-disease
specific aminoacid abnormalities included elevated glutamine
(all disorders) and reduce/absent citrulline (without orotic
aciduria in NAGS and CPSD; with orotic aciduria in OTCD).
The acute presentation shows altered levels of consciousness,
acute encephalopathy, vomiting, and progressive poor appetite,
multiorgan failure, liver failure, psychiatric symptoms. In
the case of neonates, the characteristics are sepsis suspicion,
hypertension [11], respiratory distress, hyperventilation, poor
feeding, and vomiting. In reference to the chronic presentation,
it is characterized by confusion, lethargy, ataxia, migraine-
like headaches, protein aversions, vomiting, failure to thrive,
liver failure, hepatomegaly, elevated liver enzymes, psychiatric
symptoms, learning disabilities, and neurodevelopmental delay.

Rapid diagnosis and appropriate treatment are essential to
reduce morbidity and mortality [12]. The treatment has two
fundamental pillars, the restricted protein diet, supplemented
with essential amino acids, vitamins, and trace elements [13]
and the pharmacological treatment with ammonium scavengers
(sodium benzoate, sodium phenylbutyrate) for the reduction
of plasma ammonium concentrations, supplementation with
intermediates of the urea cycle such as citrulline and arginine
when there is a deficiency of them [14-17]. And, besides, in some
cases, carglumic acid is required as an allosteric activator of the
CPS 1 enzyme [18]. There are also dialysis treatments, which
in current practice are started when conservative treatments
fail or when ammonium values are excessively high. It has been
observed that if dialysis is started with lower values of ammonia,
the neurological impact will be less. In fact, in neonatal debut
patients, all therapeutic options should be started without delay,
including dialysis [19].

In Argentina, there is no neonatal screening for UCDs.
Therefore, the diagnosis occurs as a result of clinical suspicion.
The morbidity and mortality of the patient with this pathology
depend on which was his or her age and stage of the disease at
the time of diagnosis and thus to have the opportunity to start
the appropriate medical treatment. And of course, of the form
of the disease that the patient suffers.

Knowing the characteristics of the population under
treatment, the starting point is to evaluate how the diagnostic
and therapeutic strategies are carried out, and the sine qua
non condition is to have the ability to implement changes that
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will subsequently achieve a positive impact on the outcome
of patients. Consequently, our objective was to characterize
clinically, temporarily, biochemically, and molecularly the
population of patients with UCD diagnosed at the Hospital Juan
P. Garrahan, Buenos Aires, Argentina, from January 2000 to
December 2019, and to find out in our patient population what
was the UCDs form of presentation.

Material and Methods

Retrospective information was collected from January 2000
to December 2019. The inclusion criteria were patients with a
diagnosis of UCDs that had been clinically and biochemically
characterized at the Juan P. Garrahan Hospital [20]. Both the
clinical information and the biochemical results of the first
reported episode of hyperammonemia were analyzed based
on paper and computerized medical records. Asymptomatic
women (relatives of known patients) with pathogenic variants
in the OTC gene were not included in the study. All procedures
performed in studies involving human participants should be
in accordance with the ethical standards of the institutional
and/or national research committee and with the Declaration
of Helsinki of 1964, and its later amendments or comparable
ethical standards.

Age of Presentation and Diagnosis

The patients were classified according to the enzyme deficiency
diagnosed and according to their neonatal presentation. Early-
onset (EO) presentation included those patients with symptoms
between 0 and 30 days of life, and late-onset (LO) presentation
included those who had symptoms after 30 days of life. On
the other hand, those patients in whom the presymptomatic
diagnosis was made due to their family history were identified
as family risk background (FRB) patients. In the case of early-
onset patients, the diagnosis time defined as the time between the
onset of symptoms and the diagnosis of the disease was analyzed.
Regarding late-onset patients, we analyzed whether there was a
delay in diagnosis, which was defined as not having arrived ata
diagnosis during the first symptoms of the disease registered in
the patients’ medical history. Confirmation of the diagnosis of
the specific UCD alteration was genetic in most cases. In those
cases, without a positive genetic diagnosis in the patient or in
the family, the diagnosis was based on the biochemical profile
(hyperammonemia with decreased plasma citrulline and the
presence of substantial urinary orotate for OTCD; elevated
citrulline with no arginosuccinate in ASSD; and the finding of
arginosuccinate in ASLD) (Supplementary Table).

Family Background

The family history of the patients in each group was evaluated.
The two first groups were differentiated according to whether
they had a urea cycle disorder or not, and whether the factor
of having had a family history had an impact on the clinical

presentation of the disease, the time of diagnosis, and the
survival of the patient under follow-up. The third group included
those patients that had a family history of the disease and the
knowledge of this fact induced medical suspicion Therefore, we
concluded that thanks to the existence of the affected family
member, asymptomatic newborns were treated early, during
the disease-free period, and the patients that we classified as
FRB were detected (Supplementary Table).

Biochemical Parameters at the Time of Diagnosis

Multiple biochemical parameters were evaluated at the
time of diagnosis. These were, ammonia (N < 62 yumol/L),
aspartate aminotransferase (ASAT), N <58 IU/L, and alanine
aminotransferase transaminase (ALAT) (N <56 IU/L). We have
defined hepatitis as having those ASAT and/or ALAT values
that double the normal value [21]. The prothrombin time (PT)
value was analyzed, the altered value was defined to a value of
less than 70% and the international normalized ratio (INR)
values were also analyzed. We defined acute liver failure as
moderate coagulopathy (INR >1.5) with encephalopathy or the
presence of severe coagulopathy (INR >2.0) even in the absence
of encephalopathy [21]. Plasma amino acids were analyzed in
32 patients (HPLC-BIOCHROM 30), specifically evaluating
glutamine (normal range: 330-850 umol/L), alanine (normal
range: 140-450 umol/L), arginine (normal range: 12-110 pmol/L),
citrulline (normal range: 8-47 umol/L) and arginino succinic
acid (ASA) (normal range: 0). In 16 patients, amino acids were
analyzed utilizing a dried blood drop using the mass/mass
tandem: alanine (normal range: 70-345 MU), arginine (normal
range: 2-50 MU) and citrulline (normal range: 2-30 UM). The
quantitative excretion of orotic acid was also evaluated using
the analysis of urinary organic acids using gas chromatography
coupled to mass spectrometry. Some determinations that can
be read in the supplementary table were not measured at the
started out but were measured during the follow-up, however,
they are included because they are crucial for the diagnosis.

Molecular Analysis

Molecular analysis was performed on 35 patients. On 19 through a
NGS (next-generation sequencing) panel including the following
genes: NAGS, CPS1, ASL, ASS1, ARGI, SLC25A13, SLC25A15 and
OTG; on 16 patients through PCR (polymerase chain reaction)
amplification of OTC gene, followed by Sanger sequencing,
and on one patient through PCR amplification and Sanger
sequencing of ASSI gene. Variants were described in relation
to the following reference sequences: NM_000048.4 (ASL),
NM_000050.4 (ASS1), NM_001875.5 (CPSI) and NM_000531.6
(OTC), according to the HGVS-nomenclature recommendations.
Exome Aggregation Consortium (ExAC), Human Gene Mutation
Database (HGMD) and ClinVar databases were used to search for
previous reports of the detected genomic variants. Pathogenicity
of novel variants was assessed using the following in silico
algorithms: SIFT, Provean (http://provean.jcvi.org/genome_
submit_2.php?species=human), Polyphen2 (http://genetics.
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bwh.harvard.edu/pph2/) and Mutation Taster (http://www.
mutationtaster.org/). Novel variants were classified according
to the American College of Medical Genetics and Genomics
(ACMG) guidelines for interpretation of sequence variants.

Statistical Analysis

Statistical analysis was performed with SPSS v.20 software.
Mean and standard deviation was calculated for normally
distributed data and median, minimum, and maximum for
skewed distributions. Differences between means of two groups
were compared by the t-test and of three or more groups by
ANOVA. Differences between medians of two groups were
compared by Mann-Whitney U test, and of three or more groups
by Kruskal-Wallis test. Association between two categorical
variables was assessed by Fisher’s exact test. A p value < 0.05
was considered statistically significant.

Results

During the period studied, we diagnosed 51 patients with
urea cycle disorder (36 families, 30 females, and 21 males)
at the Hospital Juan P Garrahan, Buenos Aires, Argentina,
although 3 asymptomatic OTCD females were excluded, they
did not undergo treatment but received a clinical follow-up.
Therefore, throughout this study, we always mentioned 48
patients (Supplementary Table).

The most frequent clinical manifestations at the onset of the
disease were hyperammonemia, followed by vomiting. From
the neurological standpoint, seizures, irritability, and ataxia
predominated. At least 6 patients started out with acute liver
failure.

In 13/48 patients, the disease presentation was early-onset
(EO) 2/13 CPSI1D, 4/13 OTCD, 1/13 ASSD, 6/13 ASLD. Nine
of them had no family history and 4 had the antecedent of a
deceased brother without a diagnosis. In 23/48 patients the
clinical presentation was of late-onset (LO). In 20/23 patients
the diagnosis was OTCD while the remaining 3 had a diagnosis
of ASSD. Fifteen of them had an unknown clinical history, and
regarding the 8 patients with family antecedents, in 5/8 the
antecedent corresponded to a known diagnosis, and 3/8 had had
deceased brothers or uncles without a diagnosis. It should be
mentioned that these 8 patients had a diagnosis of OTCD. 12/48
patients were part of the FRB group: 7/12 OTCD, 4/12 ASSD,
1 ASLD. These patients were those who, due to the knowledge
of their family history, were referred to our center to be studied
at birth and to anticipate the natural evolution of the disease.
We could divide this group into 3 different subgroups thanks
to the information obtained regarding the type of disease that
the affected family member had, either by clinical information
and or by molecular diagnosis. Thus, as we differentiated a
subgroup of FRB patients who were considered to have had a
form of spontaneous disease, EO we called them neonatal FRB,
(N FRB). In this group, we included 6/12 patients (2 OTCD,

3 ASSD, 1 ASLD). We called a second subgroup that would have
had a late-onset form of the disease, FRB late-onset (L. FRB),
(3 OTCD, 1 ASSD). And finally, we had a third subgroup made
up of female OTC patients, whom we called F FRB. We know that
when it comes to OTC in females, apart from the fact that neonatal
symptoms are not usually described, the disease can behave
differently in each patient, and therefore it cannot be predicted.

In our cohort, 79% of the patients with a family history
had at least one deceased relative. In 11 patients, the medical
history confirmed that the deceased relative suffered from the
same pathology that affects the patient (3 ASSD, 1 ASLD, and
7 OTCD), while in the remaining 8 patients, it was presumed.

During the first 10 years of the evaluated (period 1), 16
patients were diagnosed, 4 of the EO, (1 ASSD, 3 ASLD) and
11 LO, all of them with a diagnosis of OTCD. While, a male
OTCD patient belonged to the FRB subgroup, brother of a
known OTCD patient, was detected.

In the last 10 years (period 2), 32 patients were diagnosed.
9EOQ, and 12 LO patients. Regarding FRB, 11 patients are worth
mentioning because in 10 of the 11 patients the enzymatic defect
of the affected relative was known, while in the remaining
patient there was a high suspicion that the defect had been due
to OTC enzyme deficiency since the patient’s two brothers had
died in the neonatal period and had had biochemical findings
compatible with this diagnosis.

The most frequent enzyme deficiency in our cohort was
OTCD. It affected 31 patients (65%), 55% were females, and
45% were males. 4/31 were EO patients (13%), all of them were
males. In 20 of these 31 OTCD patients the presentation of the
disease was late-onset. LO (65%), (5 males, 15 females). And
7 of these 31 (22%) patients belong to the FRB group (5 males
and 2 females).

In 75% of OTCD females, the onset of symptoms was before
2.9 years of age and they were diagnosed before 3.4 years. In
males with OTCD, 75% presented symptoms before 0.9 years
of age and were diagnosed before 2.2 years of age.

Only one of the females with late presentation form of
the disease had no delay in diagnosis, while in the others the
delay was between 27 and 1737 days. In male patients, with
late presentation form, there was also a delay in reaching the
diagnosis, from 60 to 1014 days.

ASS deficiency was diagnosed in 8/48 patients (17%). One
patient had a neonatal EO presentation and 4 were classified as
FRB. The onset of symptoms in 75% of the patients was before
1.3 years, and they were diagnosed before 1.6 years. Both in
the patient with neonatal EO presentation of ASSD and in the
3 patients with delayed presentation of LO, there was a delay in
diagnosis of 38-91 days.

ASL deficiency was diagnosed in 7/48 patients (15%), 6 of
them with neonatal EO presentation and one with FRB. The
diagnosis in this group of patients was made 2-6 days after the
onset of symptoms.

CPSI1 deficiency was diagnosed in two female patients (3%).
In in both of them the presentation was neonatal. The diagnosis
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was made in one case on the day of onset of symptoms and in
the other 23 days after onset.

The age of onset of symptoms and the age of diagnosis
were significantly lower in patients with ASSD and ASLD,
compared with patients with OTCD (Supplementary Table).
When dividing this last group according to gender, the median
age of onset of symptoms and diagnosis in males was 2.5 and 9.5
days, respectively, while in females was 665 and 1064 days (21.8
and 34.8 months), respectively. Thus, there were no significant
differences between the age of onset of symptoms and diagnosis
between male patients with OTCD, ASSD, and ASLD, but there
were between these and females with OTCD (p = 0.005 and p
= 0.001 respectively). No significant differences were found in
the time of diagnosis between any of the groups.

Ofthe 13 EO patients, 4 of them had dead siblings. (2 OTCD,
2 ASLD). This fact anticipated the parents’ consultation with the
emergency system. 3/4 patients were able to survive the onset of
neonatal disease unlike their siblings, who despite not having
a confirmed diagnosis, it was considered that they suffered
the same condition. 95.7% of the patients with a late form of
presentation were not diagnosed during the first episode. Even,
of the 5 patients who had a history of known disease, only one
was diagnosed during the first episode.

Biochemical Parameters

The biochemical parameters are described in (Table 1). The median
ammonium values in the 48 patients were 218.9 pmol/L and that
of glutamine, in 32 patients, 1207.5 pmol/L. In patients with
ASLD, theammonium values were significantly higher compared

Table 1. UCDs patients and biochemical parameters.

to those in patients with OTCD and ASSD (p = 0.013 and
p=0.009, respectively). Regarding glutamine levels, these were also
higher in patients with ASLD, but the difference was significant
only with those detected in patients with ASSD (Figure 2).
The medians of ammonium and glutamine in male OTCD
patients were 177 umol/L and 1488 pmol/L, and in female 188.8
pmol/L and 1180 umol/L. For both parameters, the difference
between the two groups was not significant.

The medians of ASAT and ALAT in the 40 patients were 60
IU/L and 43.5 TU/L. No significant differences were detected
between the different enzyme deficiencies. Fourteen patients had
hepatitis. Ten patients had a diagnosis of OTCD (2 EO/ 1 FRB/
7 LO), three ASSD (1 EO/ 2 LO), one ASLD (1 EO).

The distribution of ammonium levels, stratified according to
the period of presentation of the disease and its family history,
are shown in (Figure 3).

It is observed that EO patients present higher ammonium
values than patients in the remaining two groups (p <0.001). In
turn, it is observed that the patients in the FRB group present
similar ammonium values as the LO. When dividing the group
into N FRB and L RFB, it is observed that the ammonium
values between the four groups are different (p <0.001), with
the ammonium values in EO patients (mean: 1022.8 umol/L)
significantly higher than in LO (mean: 194.4 pmol/L) and L
FRB (mean: 139.7 umol/L), but not than N FRB (mean: 505.1
pmol/L). Regarding glutamine, it could only be analyzed in two
groups: patients with EO and LO diagnosis. Although there is
a tendency in the EO group to have higher ammonium values,
this difference is not statistically significant (Figure 3).

OTCD Male OTCD Female ASS1D ASLD CPS1D
Gender Female - 17 3 5 2
Male 14 - 5 2 0
Age at diagnosis (days)  Median 9.5 1064 21 5 -
Range 0-1342 2-3553 0-678 1-13 1-23
Type of onset EO 4 - 1 6 2
LO 5 15 3 0 0
RFB 5 2 4 1 0
Ammonia (pmol/L) N 14 17 8 7 2
Median 177 188,8 144,55 1004,77 -
Range 74.34-1514.38 67.26-466.69 43.07-829.54 149.86-1223.56 354-1186.8
Glutamine (umol/L) N 8 15 3 5 1
Median 1488 1180 N 2655 -
Range 730-4424 230-3630 241-900 1086-2750 720
ASAT (UI/L) N 1" 16 7 5 1
Median 40 64 59 85 354
Range 24-410 18-1860 28-1157 24-160 -
ALAT (UI/L) N 1 16 7 5 1
Median 36 97.5 58 42 720
Range 9-183 21-2051 10-1320 22-155 -
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Figure 2. Ammonium and glutamine values according to enzyme deficiency. The distribution of the ammonium and glutamine values are shown
in box plots for the OTC, ASS, and ASL deficiencies. Patients’ values are indicated as dots, stratified by type of onset.

Figure 3. Ammonium and glutamine values according to the presentation of the disease. The distribution of the ammonium values are shown in
box plots for the EO, LO and FRB patients, and the distribution of the glutamine values for the EO and LO patients. The braces indicate between
which groups significant differences were detected in the post hoc tests.
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Coagulogram

An INR was measured in 13 patients (Supplementary Table).
2/13 patients had INR between 1 and 1.5. In four patients INR
was detected, they had 1.5 - 2, without suffering encephalopathy
(Supplementary Table). And finally, in seven patients the INR
was greater than 2, which is indicative of acute liver failure [21].
In this last group, 4 had a diagnosis of OTCD (3 late, 1 FRB),
2 of ASSD (1 LO, FRB), 1 of ASLD (EO).

Coma

In the present cohort, 15 patients fell into coma (31.2%)
(Supplementary Table). Of these, 8 had a diagnosis of OTCD
(4 EO, 2 LO, 2 FRB), 2 ASSD (1 EO, 1 LO), 4 ASLD (all of EO
diagnosis), and 1 CPSD also EO. Median ammonijum in patients
who fell into coma as the first symptom was 829.54 pmol/L (range:
71.0-2895.72 umol/L), and in those who were not in a coma was
159.3 umol/L (range: 43.07-1004.77 umol/L) (p = 0.001). Of the
13 patients with EO, 10 fell into coma (77%) while of the 23 LO
patients, only 3 did so (13%) (p = 0.0006).

Mortality

Fifteen of the 48 patients died: 8/15 EO, 5/15 LO, 2/15 FRB
(Supplementary Table).

We detected 8/15 patients with EO. Four had OTCD, all of
them were males, 2 of them were brothers and died during the
neonatal period, their diagnosis was made retrospectively due
to the birth of a third child, (the debut of the disease was in a
hospital other than the J P Garrahan) 2 CPSD, 1 ASSD, 1 ASLD.

Only 2/15 patients had FRB. Both patients had OTCD, one
of them died during the neonatal period when he was six days
old. The other patient had a severe neonatal presentation, despite
treatment from the first day of life, he died at 6 months of life.

And finally, 5 were LO patients, 4 females, and 1 male, all
with OTCD.

Of the 12 patients who died after 30 days of age, none did so
at debut. 4 were males with OTCD, 3 were EO, and 1 was LO.
4 were females with OTCD, all with late presentation, then 1
ASSD, 1 ASLD, and the two other patients with CPS1D, all EO.

Of the 13 EO patients, 8 died (62%), while of the 23 patients
with LO, 5 died (22%) (p = 0.0216). Patients with EO are 5.8
times more likely to die (95% CI: 1.3 to 25.6). FRB 2 died (17%)
both are severe forms of OTCD.

The survival rate of patients who survived after 30 days of
life was 73%, with a median follow-up of 9.3 years.

Molecular Diagnostics

The molecular study was carried out in 35 patients, it was
confirmatory in 33 patients (94%), and negative in 2: one patient
with a biochemical diagnosis of OTCD and one with a diagnosis
of ASLD. Twenty six different variants were detected in 4 genes,
14in the OTCgene and 4 in each of the ASSI, ASL and CPSI genes
(Table 2). Ten of these variants were identified for the first time

in this study. Of the total of variants detected, 19 were missense,
2 small deletions, one with an alteration in the reading frame
and the other one conserved it. Two variants in splicing sites, an
alteration of the first codon, and a variant of copy number. Three
variants were detected in more than one family: the c.1168G>
A variant in the ASSI gene was identified in two patients in a
homozygous state and in two in a heterozygous state, together
with another variant, the ¢.386G>A and ¢.502C>T variants in
the OTC gene were each detected in two unrelated patients, the
latter being a novel variant.

Discussion

This reportis the first large overview of data collected from UCDs
patients from the Pediatric Hospital J P Garrahan. In this research,
we analyzed the onset of the patients with UCDs diagnosed at the
Hospital J. P. Garrahan during a period of 20 years. It is worth
mentioning that a difference was found concerning the diagnoses
made during the first half and the second half of that period. In
the second period, 70% of the EO patients and 92% of the FRB
patients of the cohort studied were diagnosed, maintaining
a similar percentage of LO diagnosis in both periods. It was
considered that this increase in the diagnosis of both the EO group
and the FRB group is due to several factors: greater knowledge
about the initial suspicion of metabolic diseases by pediatricians
and neonatologists; training courses offered by the IEM service
aimed at pediatricians and neonatologists in order to optimize
consultation; the appearance of telemedicine; a more efficient
and immediate communication system that allows consultation
with the specialist to be framed and organized, becoming faster
and more effective; and finally, the best follow-up and genetic
counseling by the specialist to families who have had or have a
member diagnosed with UCDs allow the study of the new family
member during the disease-free period.

The number of LO patients remained constant in both
periods, without the increase observed in the other groups,
mainly due to the greater complexity of the diagnosis of this
presentation, whose symptoms overlap with frequent clinical
manifestations in pediatrics.

When we analyzed and distributed our cohort of patients
in three groups: EO, LO, FRB, we saw that all EO patients were
diagnosed during the first episode. This was due to the severity
of the neonatal presentation, which entails the performance of a
greater number of studies, timely consultations, and even referral
to more complex centers. The time from the onset of symptoms
to diagnosis varied in the group of EO patients with a neonatal
presentation from 0 days to 38 days. Those patients in whom the
time to arrive at diagnosis was longer were those who had to be
referred to a center of greater complexity for their diagnosis and
treatment. Statistically significant differences were observed when
comparing the time of diagnosis with the type of presentation
since the time of diagnosis was longer in LO patients.

On the contrary, concerning LO patients, only one female
patient was diagnosed at the time of the onset of the disease. It is
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worth mentioning thatit was her first episode of hyperammonemia,
which was severe and required hospitalization. The patient had
a known family history, cousins with OTCD, described in the
current cohort.

Therefore, except for the recently described patient, in
22/23 LO patients there was a delay in the diagnosis of the
disease. This meant that the patients were not diagnosed when
they made their first medical consultation due to symptoms
compatible with the UCDs, instead, they were diagnosed after
this situation happened again and in the event of more severe
episodes that had to be resolved through the intervention of
the medical emergency, as had happened to the only patient
previously described.

We consider that the delay in LO patients is due to different
factors. In other words, symptoms can be more variable, symptoms
can be attributable to other frequent pathologies in pediatrics, in
addition to the fact that chronic UCDs are not conditions easily
suspected by the pediatrician compared to other differential
diagnoses, such as failure to thrive, psychiatric illness, cyclical
vomiting syndrome, hepatitis or recurrent liver failure Usually,
patients are not asked about dietary habits through a targeted
questionnaire about protein aversions or fasting intolerance
Hyperammonemic crisis are of lesser magnitude with mild or
moderate clinical signs, added to the limited access of most
hospitals in Argentina to basic biochemical studies for this
type of pathology, such as, for example, the determination of
plasma ammonia. This facilitates the lack of detection of the
biochemical cornerstone of the UCDs. Ammonium testing is
still considered a complex determination and not a frequently
investigated determination.

All LO patients have been diagnosed in the context of
hospitalization, which means that the symptoms resulting
from the severity of the decompensation revealed the disease.
Therefore, this shows that within the outpatient setting the
suspicion of UCD as a differential diagnosis is extremely low.
This statement is supported by the fact that all LO diagnoses
were made during hospitalization.

When we considered the time of diagnosis and the type of
presentation according to the enzymatic defect, it was evident
that there were statistically significant differences only when
comparing OTCD females with OTCD males, ASSD and ASLD.
This difference is due to the inheritance pattern of OTCD, linked
to X. Since in males, OTCD behaves with the same severity as
in neonatal forms of the other enzyme deficiencies. While in
females the symptoms may occur at any time from infancy to
adulthood or may not appear in their entire life. This may be
related to the degree of inactivation of X in heterozygous females
[22]. Even in the same family, females can show wide clinical
variability, from being asymptomatic to being refractory to
medical treatment requiring liver transplantation [23].

On the other hand, we know that the moderate late-onset forms
of ASSD and ASLD undergo fewer metabolic decompensations,
with lower ammonium values, since they are distal enzymes.
Therefore, making a diagnosis is more complex. The information
obtained coincides with that observed in the bibliography [24].

Another way of arriving at a diagnosis of the late-onset forms
is through the new-born screening test in those countries where
it is performed. In Argentina, neonatal screening for defective
enzymes such as ASS or ASL is not available. This could explain
why, despite being ASLD, second in frequency worldwide [25],
in our cohort it is the third in frequency and we only observed
neonatal and severe forms.

When we analyzed the group of FRB patients, differentiated
into N FRB, L FRB, and F FRB, we observed that all the patients,
except one (number 34) (Supplementary Table), presented
hyperammonemia despite the anticipated diagnosis, the timely
referral to a tertiary care center, the early beginning of treatment,
and the fact that the only situation of catabolic stress to which
they were exposed was birth. All the patients began medical
treatment with ammonia scavengers and a protein-restricted
diet. This is why we consider that, except for F FRB patients who
must be considered in each particular case, the remaining two
forms of the disease should be treated from the moment of birth.

Six patients form part of the N FRB group and all have
a history of deceased relatives with the same diagnosis. Two
OTCD presented markedly high ammonium values (1514.38 and
948.6 pmol / L), the highest in the group, despite the medical
intervention performed. Evidently, these are patients with the
classic neonatal presentation, which has a very high mortality
even if they receive adequate medical treatment. One of these
patients died within the neonatal period and the other after
this period, at six months of life and with severe neurological
sequelae as a result of the severity of the disease. Three ASSD,
in whom early intervention before the onset of symptoms was
essential for their survival since all their relatives had died in the
neonatal period. One ASLD, due to timely treatment, presented
an ammonium value of 149.86 umol/ L, while her sister (patient
43 h) presented a markedly elevated initial ammonium value
of 1004.77 umol/ L, died after the neonatal period, and had
suffered severe neurological sequelae.

Four patients form part of group L FRB: 3 OTCD and
one ASSD patient. All 3 OTCD patients present mutations
compatible with LO OTCD and relatives with LO forms. The
remaining patient in the group had a diagnosis of ASSD and
a relative with a molecular diagnosis, included in the current
cohort (patient number 35g). Although we knew that these were
patients who had a form of LO disease, all the patients in this
subgroup presented abnormal ammonium values, requiring
medical treatment (pharmacological and dietary) from the
neonatal period. Therefore, we consider that treatment during
the neonatal period is beneficial, even in the case of LO disease.

Finally, the F FRB group consisted of 2 female OTCD
patients. Both presented ammonium values similar to the patients
classified within the group L FRB. This fact is consistent with
the bibliography since it is not described that OTCD females
develop severe neonatal forms. Both presented mutations not
previously described. It was considered useful to study the OTCD
females from the moment of birth since abnormal ammonium
values were detected despite controlling the initial clinical
exposure factors and with the administration of controlled
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dietary measures from birth. Both were defined as patients
with the disease.

Regarding the specific analysis of the first identified ammonium
value, interesting results were found concerning the three groups
of patients. EO patients presented the highest ammonia values,
as described in the bibliography. We observed that the LO and
FRB groups of patients had lower ammonium values than the
EO. Considering that we were evaluating LO forms of the disease,
we included moderate or mild forms of this condition, which is
reflected biochemically with lower ammonium values; and in the
FRB group, the ammonium values found were due to the early
beginning of the treatment, as previously described.

When we considered the more significant amino acid profiles
for the diagnosis of the different UCDs, higher glutamine
levels stand out in the group of ASLD patients, although the
highest value was an outlier within the OTCD group. When
comparing the glutamine values between the group of ASLD
and ASSD patients, there were statistically significant differences
that showed that the group of ASLD patients had the highest
glutamine values. But when comparing the ASLD patient group
with the OTCD group, no significant differences were found.
This is explained, in the first place, because OTC deficiency is
a proximal disorder, therefore, in comparison with subsequent
enzymatic conditions, it presents higher ammonium values and,
therefore, glutamine, both precursors of the urea cycle. Because
the group of patients with OTCD was the largest and with the
most variability in clinical and biochemical characteristics, not
all the patients had such high levels of ammonium or glutamine.
In contrast, all the patients diagnosed with ASLD had a neonatal
presentation, with very high ammonium values, and these values
were accompanied by very high glutamine values.

Liver function parameters were analyzed, specifically the
INR, which allowed us to diagnose liver failure. Information
on this biochemical parameter was not obtained in all patients,
therefore, it was not feasible to show a trend. With the information
obtained, a specific enzyme defect was not associated with liver
failure. It is interesting to mention one patient (number 22f)
with a diagnosis of late-onset OTCD who presented TP 16%
and coma. Although it is not the information presented in this
article, it is worth mentioning that this patient belongs to one
of the families of this cohort (family f), in which symptomatic
females have recurrentliver failure regardless of adequate medical
treatment and males die due to severe forms of neonatal onset.
In this family, the genetic defect responsible for the pathology
is the novel variant c.607T> C (p.Ser203Pro).

Regarding the data of the clinical manifestations at the
beginning of the disease, we found information similar to the
information that exists in the bibliography. It is important to
highlight the value of coma, as a more serious manifestation
and also because it is directly linked to the ammonium values
that the patient presents. It was evident when analyzing the
results that patients who fell into coma, as the initial symptom,
presented higher ammonium values, therefore they were more
at risk. Most were EO patients, 77% of the total. Once again, it

shows that the forms of the neonatal disease are more severe. It
should be mentioned that there were three patients that fell in
coma in whom the ammonium values recorded did not agree
with their clinical state. One possible explanation is that the
biological samples were collected after medical treatment had
been established. 2 N FRB patients presented coma, both OTCD,
previously described, with extremely severe forms of the disease.

Concerning mortality, we found information that coincides
with the bibliography. 62% of patients in the EO group died,
reinforcing the assumption that this group presents the most
severe forms of the disease. The mortality in the LO group was
lower. It is important to highlight that in the FRB group the
number of deaths was only 2. These were the two OTCD patients
with neonatal forms previously mentioned. We considered that
this was due to early diagnosis and timely treatment before there
was a suggestive clinical manifestation of the disease. It also
showed better follow-up of families, better genetic counselling,
and multidisciplinary work between the intensive care unit of
the neonatology service and the specialist. Many of the patients,
who had a deceased family relative with urea cycle disorder, had
been referred to the Hospital ] P Garrahan at the time of birth,
and none of the late presentation patients died at the time of
the onset of the disease.

In our cohort, in the evaluated time period the mortality
rate was 31%. On account of this, we assert that UDCs continue
to be a group of diseases with high mortality despite currently
available treatments, even with the possibility of performing
liver transplantation as a healing treatment.

The molecular study allowed us to find the genetic cause of
the enzymatic defect that generated the abnormal biochemical
profile in 94% of the patients. The negative result in the patient
with a diagnosis of OTCD may be due to the presence of
deletions or duplications that represent a 5-10 % of the pathogenic
variants described in OTC [26-27] and are not detected by the
method used, especially in the case of female patients. The
patient with a diagnosis of ASLD that was also negative could
present deep intronic variants that affect RNA splicing and
that are outside the regions covered by the method used, which
includes exons and intronic flanking sequences. Among the
previously reported variants detected in this cohort, c.1168G>A
(p.Gly390Arg) in ASSI gene was the most frequent one. This is
the most common variant found in patients with early onset
phenotype of citrullinemia type I worldwide [28] and also in
other subpopulations from our country [6-7]. The genotype-
phenotype correlation is described in patients with OTCD [26],
and most of the variants can be classified as EO, LO or female,
when they have not been detected in male patients. In the
9/12 patients with OTCD in whom the identified variant was
reported, the presentation of the disease was correlated with
that previously described. The remaining 3 patients had a family
history and the presentation was neonatal, but the variants were
previously related to late presentation. In the present study, 38%
of the variants identified in this study had not been previously
reported in the bibliography. Three of them could be classified
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as pathogenic because of their nature: a nonsense variant in
the ASSI gene (patient 38 of Supplementary Table) and a gross
deletion comprising exons 5 to 8 of the OTC gene (patient 16
of Supplementary Table) could also be labeled as highly severe
variants because of the neonatal onset of both patients. The third
one, an insertion, c.888delT (p.Asp297Thrfs26X), in the OTC
gene, causing a frameshift, could be also classified as highly severe
since it was detected in a female symptomatic OTCD patient. The
rest of them were missense variants; according to the in silico
analysis performed, all of them could be classified as probably
damaging. In particular, ¢.607T>C (p.Ser203Pro) was identified
in several members of a family (f of Supplementary Table), with
males that presented with EO and died and females with very
severe manifestations, which would indicate the deleterious effect
of this variant. Only one novel variant, ¢.502C>T (p.His168Tyr),
was identified in two non related female OTCD patients with
similar clinical outcomes between them.

Conclusions

We know that urea cycle disorders are diseases that present
different severity levels.

Patients with EO presentation suffer the most severe forms,
this fact might arise suspicion in neonatologists and thus
avoid diagnosis delay. Although the existence of a disease-
free period is described, it is noteworthy that our patients
in the FRB group, who did not present clinical symptoms,
had abnormal ammonium values, possibly secondary to the
catabolism typical of birth and required pharmacological and
dietary treatment to normalize it. Early treatment of these
patients during the symptom-free period decreases exposure
to the primary intoxication factor. Adequate counseling and
monitoring of families with UCD allow anticipating symptoms
and effectively manage the patient’s situation during the first
hours of life, despite not having a prenatal diagnosis. In recent
years, molecular studies and the detection of carriers contributed
to genetic counseling. It is particularly useful in the case of
OTCD since it allows detecting asymptomatic females in the
proband’s family at risk of having affected children and even
anticipating symptoms that they may have. This practice has
been improving over the last few years in the Inborn Errors of
Metabolism division of the Hospital Garrahan.

On the other hand, in LO forms, it is observed that the
delay in diagnosis prevails. Our LO patients had more than one
consultation with the emergency services or with their family
pediatrician due to compatible symptoms, but the diagnosis was
inevitably reached during an acute decompensation that led to
hospitalization with the consequent risk of life. This indicates
that there is a lack of knowledge of physicians regarding the
urea cycle disorders, therefore it is of the utmost importance to
continue with the diffusion and training in this group of diseases,
in which timely diagnosis can change the course of a patient’s life.

Within this perspective, we consider that it would be
important to add to the National Screening Program in Argentina
the detection of ASSD, ASLD, and ARGI1D.
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