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Abstract. The aim of the present report was to describe the 
clinical presentation, diagnosis, and treatment of a case of 
carbamoyl phosphate synthetase 1 (CPS1) deficiency in a 
neonate, specifically, a 3 day‑old female who visited Hunan 
Provincial People's Hospital due to anorexia and lethargy for 
1 day. Physical and laboratory examination, and MRI were 
undertaken. Whole exome sequencing (WES) was applied 
for molecular etiology identification. Sanger sequencing was 
utilized to validate the variants detected by WES. Structural 
modeling was conducted for pathogenic analysis. Clinical 
examination revealed increased intracranial pressure, hyper-
ammonemia, reduced citrulline, and increased glutamic acid 
levels. WES identified compound heterozygosity of c.713G>C, 
p.Arg238Pro and c.2339G>A, p.Arg780His in CPS1 (NCBI 
reference sequence, NM_001875.4) as candidate patho-
genic variants. Sanger sequencing validated these variants. 
Structural modeling further confirmed the pathogenesis of 
these mutations. In conclusion, CPS1 deficiency in neonates 
is a serious condition that may be misdiagnosed due to severe 
infection. WES can be a helpful tool in facilitating the diag-
nosis of this disease.

Introduction

Urea cycle disorders (UCDs) are a set of hereditary metabolic 
disorders caused by congenital enzymatic defects that are 
characterized by high levels of ammonia in the blood (1). The 
urea cycle eliminates blood ammonia by transforming toxic 
ammonia into non‑toxic urea, which can then be excreted in 
urine (2). Defects in any of the enzymes associated with urea 

metabolism [namely carbamoyl‑phosphate synthetase (CPS1), 
ornithine carbamoyltransferase, argininosuccinate synthetase, 
argininosuccinate lyase, arginase and N‑acetyl glutamate 
synthase] may lead to the occurrence of UCDs  (3). CPS1 
deficiency can present as life‑threatening hyperammonemia, a 
UCD and a rare autosomal recessive disorder of ureagenesis (4).

The human CPS1 gene is located at chromosome 2q34‑35 
and contains 38 exons and 4,500 coding nucleotides  (5‑8). 
CPS1 deficiency affects neonatal development and the severity 
of the symptoms is largely parallel to the degree of enzymatic 
defects, with complete enzyme deficiency being the most 
severe  (4). Neonatal onset CPS deficiency leads to a poor 
prognosis, and patients who accept treatment with long‑term 
protein restriction and ammonia medication may experience 
severe sequelae (9). The current study presents the clinical 
performance, diagnosis, and treatment of a case of CPS1 
deficiency in a neonate and aims to increase understanding of 
the causes and symptoms of CPS1 deficiency and present new 
options for genetic screening.

Case report

Ethics. The present study was approved by the Ethics 
Committee of Hunan Provincial People's Hospital. This study 
complied with the World Medical Association Declaration 
of Helsinki  (10) regarding the ethical conduct of research 
involving human subjects. Informed consent was obtained 
from the parents of the patient.

Patient. A 3 day‑old female was admitted to the Department 
of Neonatology, Hunan Provincial People's Hospital, China in 
June 2016 due to anorexia and lethargy for 1 day. The patient 
was born to healthy non‑consanguineous Chinese parents 
following full‑term gestation, with a birth weight of 3.7 kg. 
Her mother was gravida 3, para 2. No abnormality was noted 
within 48 h of the birth. However, her parents noted drowsi-
ness and poor responsiveness, without obvious cause, after 
72 h. This condition gradually worsened. As the patient had a 
healthy 7 year old sister, abnormality based on family medical 
history was discarded as a reason for the condition.

Patient examination. Upon admission, routine examina-
tions, including physical examination, urinalysis, blood gas 
analysis, and blood examination, were performed as described 
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previously (11,12). In addition, laboratory tests for C‑reactive 
protein, pro‑calcitonin, toxoplasma, rubella, cytomegalovirus 
and herpes simplex viruses, respiratory viruses (influenza 
virus, respiratory syncytial virus and adenovirus), biochem-
istry, routine cerebrospinal fluid analysis, blood ammonia, 
blood glucose, lactic acid, liver function and renal function 
were performed (12,13). Bacterial cultures of blood, urine, 
and cerebrospinal fluid samples were conducted. Electrolytes, 
myocardial enzyme and magnetic resonance imaging (MRI) 
examinations were performed (11). In addition, lumbar punc-
ture manometry was conducted. Liquid chromatography with 
tandem mass spectrophotometry was performed in order to 
analyze compounds in the serum of the patient. Venous blood 
was collected and dropped on to a filter paper of ~10 mm in 
diameter and cooled at room temperature. Amino, organic 
and fatty acid detection was then performed as described 
previously (14).

Whole exome sequencing (WES).	 WES was per formed 
according to a previously reported method  (11). Briefly, 
genomic DNA was extracted from 2 ml of peripheral blood 
from each family member using a BloodGen Midi kit (Beijing 
CWBio Co., Ltd.). The DNA was then sheared, hybridized, 
and enriched following the manufacturer's protocol. Size, 
distribution and concentration of DNA was assessed using 
an Agilent Bioanalyzer 2100 (Agilent Technologies Inc.). The 
libraries were sequenced on an Illumina Hiseq2500 platform 
(Illumina, Inc.).

Bioinformatics analysis. Raw sequencing files were processed 
using BclToFastq software (version 2; Illumina, Inc.). Variations 
were only included in the study where the quality score was 
≥20. The National Center for Biotechnology Information 
human reference genome (HG‑19) was employed for the 
alignment of the sequencing reads. Single nucleotide polymor-
phisms and insertion‑deletions in the sequences were analyzed 
with Genome Analysis Toolkit software (version.3.7; Broad 
Institute). Four online programs, including SIFT‑SNP predic-
tion (http://snpeff.sourceforge.net/SnpSift.html), PolyPhen2 (v 
2, 2013; http://genetics.bwh.harvard.edu/pph2/) (15), Protein 
Variation Effect Analyzer (PROVEAN; 2012, http://provean.
jcvi.org/index.php), and MutationTaster (v2, 2014, http://www.
mutationtaster.org), were used to predict the pathogenicity of 
the variants. In the SIFT‑SNP software, a score >0.05 indi-
cated that a change of amino acids could be tolerated (16), 
while a score <0.05 indicated that a change of amino acids 
could not be tolerated, a lower score indicated a potentially 
poor tolerance of an amino acid change. In the PolyPhen2 
software, a score close to 0.00 meant that the change of amino 
acids could be tolerated, while a score close to 1.00 meant that 
the change of amino acids could not be tolerated, and a higher 
score indicated that great damage could potentially be caused 
by amino acid change. In the PROVEAN software, if the score 
was equal to or below a predefined threshold (e.g. ‑2.5) (17), 
the protein variant was predicted to have a ‘deleterious’ effect, 
while if the PROVEAN score was above the threshold, the 
variant was predicted to have a ‘neutral’ effect (18). Mutation 
Taster scores were obtained using the tools available at 
http://www.mutationtaster.org/info/PhyloP_PhastCons_Test.
html and previously described protocols (19).

Sanger sequencing. Sanger sequencing was conducted to 
validate the variants identified in the proband as described 
previously (12). The primers used were 5'‑TCC​CTT​TAA​GGA​
ATG​GTT​AGT​CAA​G‑3' and 5'‑GTC​ATG​ATA​AGG​AAC​
CAT​GAG​TTG‑3' for c.713G>C (p.Arg238Pro); and 5'‑TCC​
TGT​GAC​CTG​TGC​CTC​TAT​AC‑3', and 5'‑ACA​CTG​TCC​
ATG​TGT​TGA​TGG​TAT​C‑3' for c.2339G>A (p.Arg780His), 
which harbor 540 and 517‑bp products, respectively. Genomic 
DNA, extracted from a blood sample from each of the three 
family members, was extracted with Qiagen FlexiGene DNA 
kit (cat. no. 512206; Qiagen GmbH) according the protocol 
provided by the manufacturer. The DNA polymerase used 
was EasyTaq® (TransGen Biotech Co., Ltd.). The reaction 
conditions were as follows: Initial denaturation at 95˚C for 
5 min; 32 cycles of denaturation at 95˚C for 45 sec, annealing 
at 56˚C for 45 sec and extension at 72˚C for 1 min and a final 
extension at 72˚C for 5 min. The polymerase chain reaction 
products were sequenced using an ABI 3730XL (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) and were analyzed 
with DNASTAR 5.0 software (DNASTAR, Inc.).

Structural modeling. The reported mutational sites of CPS1 
were analyzed using the online server of the Human Gene 
Mutation Database (HGMD®; www.hgmd.cf.ac.uk; HGMD 
professional 2016.1 release). The crystal structure of CPS1 
(apo form) was downloaded from the Protein Data Bank (PDB) 
database (https://www.ncbi.nlm.nih.gov/Structure/pdb/5DOU, 
released in Sep, 2015) in PDB format (20). PyMol (version 
1.8.0.7; www.pymol.org) was used for structure displaying and 
structural figure preparation.

Clinical characteristics. Physical examination results were as 
follows: Temperature 38˚C; Pulse, 168 times/min; Respiratory 
Rate, 57  time/min; blood pressure, 60/32 mmHg; weight, 
3.29 kg; and head circumference, 34 cm. The proband was in a 
light coma and her anterior fontanelle was 2.5x2.5 cm in size, 
with high tension. Her pupils had equal diameters and were 
insensitive to papillary light reflex. The liver was palpable 
2 cm below the right subcostal arch. The patient exhibited 
limb hypertonia.

Auxiliary examination results. For accurate diagnosis, an 
auxiliary examination was conducted following admission. 
Normal range values are based on accepted values in Hunan 
Provincial People's Hospital. A blood test revealed white 
blood cells, 26.48x109 cells/l (normal range, 5‑25x109 cells/l), 
neutrophil percentage, 61.5% (normal range, 50‑70%); hemo-
globin, 183 g/l (normal range, 145‑220 g/l); platelet count, 
341x109 cells/l (normal range, 150‑600x109 cells/l), C‑reactive 
protein (CRP), <3 mg/dl (normal, ≤3 mg/dl); blood glucose, 
4.8 mg/dl (normal range, 2.6‑7.0 mg/dl); and blood ammonia, 
109.7 µmol/l (normal, ≤40 µmol/l). The index of inflammation 
was generally normal and the clinical data did not support 
infection. Liver and kidney function together with electrolyte 
levels were normal. Blood gas results demonstrated pH, 7.35 
(normal range, 7.30‑7.40); partial pressure CO2, 41 mmHg 
(normal range, 35‑45 mmHg); partial pressure O2, 78 mmHg 
(normal range, 60‑80 mmHg); Base Excess (BE), ‑1 mmol/l 
(normal, ‑6  mmol/); and lactic acid, 1.3  mmol/l (normal, 
≤2 mmol/l). Blood tandem mass spectrometry revealed that 
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the citrulline level was 3.687 µM (normal range, 4‑30 µM) 
and that glutamate level was 438.905  µM (normal range, 
100‑400  µM). The electrocardiogram (ECG) result was 
consistent with a normal neonatal ECG. Fasting blood sugar 
level was 4.5 mmol/l (normal range, 2.6‑7.0 mmol/l). MRI of 
the cerebral hemisphere revealed diffuse low signal intensity 
in T1W1 and high signal intensity in T2W1 (compared with 
normal neonate) in the cerebral gray matter (Fig. 1).

Treatment. Head computed tomography excluded intracranial 
hemorrhage and the patient was suspected to have an intracra-
nial infection. Thus, meropenem (20 mg/kg once every 8 h) 
combined with vancomycin (10 mg/kg once every 12 h) was 
administered to treat the infection, while g‑globulin (2.5 g in 
total), mannitol (0.5 g/kg once every 6 h), furosemide (0.5 g/kg 
once every 12 h), and albumin dehydration (1 g/kg) were used 
to reduce increased intracranial pressure and maintain electro-
lyte stability. On the 2nd day following admission, increased 
heart rate, decreased blood pressure, and mottled skin were 
noted and the symptoms relieved following active anti‑shock 
treatment. The neonate lapsed into a deep coma, with a bulging 
fontanelle and increased tension. Upon receiving the results of 
routine blood analysis, on the 3rd day after admission, tests 
for the levels of CRP and procalcitonin were performed. 
The results of these tests did not support a bacterial infec-
tion. As cerebrospinal fluid may have no noticeable change 
from normal at an early stage of infection, the presence of a 
virus‑induced intracranial infection could not be ruled out. 
The neonate was subjected to lumbar puncture manometry on 
the 3rd day following admission. Cerebrospinal fluid routine 
biochemical and virus examinations showed no evidence of 
intracranial infection. Blood ammonia levels were markedly 
increased (485.2 µmol/l; normal, ≤150 µmol/l) while blood 
urea nitrogen (BUN) was relatively low (1.7 mmol/l; normal, 
2.8 mmol/l). In consequence, the patient was diagnosed with 
encephalopathy caused by hyperammonemia. Accordingly, 
albumin was discontinued, and ammonia‑lowering treatment, 

including high sugar, arginine, and body fluid supplements, was 
applied. Blood ammonia was almost normal (75.5 µmol/l) on 
the 5th day following admission, and remained in the normal 
range during the subsequent tests. However, the patient was in 
a state of deep coma, and liver size was markedly increased. 
Plasma amino acid examination on the 5th day following 
admission showed reduced citrulline levels and increased 
glutamate levels in comparison with a normal neonate, 
supporting the possibility of urea metabolism abnormality. 
On the 8th day following hospitalization, as the condition did 
not improve, the family discontinued treatment and the patient 
succumbed to the disease.

Compound heterozygosity in CPS1 is a potential candidate 
pathogenic variant. In order to reveal the genetic causes of 
the condition experienced by the patient, WES was performed. 
Upon filtration, compound heterozygous variants of c.713G>C, 
p.Arg238Pro and c.2339G>A, p.Arg780His in CPS1 (NCBI 
reference sequence, NM_001875.4) were regarded as candi-
date pathogenic mutations. The American College of Medical 
Genetics and Genomics hazard rating (21) for these variants 
was PM2 + PM3 + PP3 + PP1, which met the standard of ‘likely 
pathogenic’. The c.2339G>A, p.Arg780His mutation was 
reported to be pathogenic (22). The p.Arg238Pro variant was 
expected to ‘affect protein function’ by SIFT software with a 
score of 0.00, while it was predicted to be ‘probably damaging’ 
by PolyPhen2 with a score of 0.976 (using the HumVar‑trained 
prediction model), ‘deleterious’ by PROVEAN with a score of 
‑6.33 and ‘disease causing’ by MutationTaster software with a 
score of 0.996. The allele frequency of c.713G>C was explored 
in four different single nucleotide polymorphism databases 
(SIFT, Polyphen2 HVAR, PROVEAN and MutationTaster). 
The results suggested that this novel mutation had not been 
previously registered (Table I). To validate the variants, Sanger 
sequencing of the family genetic profile was undertaken. 
The results illustrated that the mother was heterozygous for 
c.713G>C, p.Arg238Pro and the father was heterozygous for 

Figure 1. Magnetic resonance imaging of the head revealed diffuse low signal intensity in T1W1 and high signal intensity in T2W1 in comparison with a 
healthy patient and a marginal haziness in the cerebral gray matter of the cerebral hemisphere. (A) A slightly T1 weighted image can be seen in the gray and 
white matter of bilateral cerebral hemisphere, and (B) a slightly T2 weighted image can be seen in the gray and white matter of bilateral cerebral hemisphere 
without malformation of sulcus.
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c.2339G>A, p.Arg780His in CPS1, whereas the proband was 
heterozygous at both sites (Fig. 2).

Structural modeling demonstrates that the variants may 
influence the function of CPS1. To further assess the possible 
pathogenicity of these variants, sequence alignment together 
with structural modeling were undertaken. The whole 
sequence, including the identified sites of CPS1, is evolution-
arily conserved across the species analyzed (Fig. 3A and B). In 
general, proteins with a highly conserved amino acid sequence 
are considered to be sensitive to variants, and hence, the identi-
fied sites were likely to be responsible for the etiology of the 
patient's condition (23). Based on structural data available 
online (http://www.rcsb.org/pdb/gene/) the apo form of the 
crystal structure of CPS1 was also studied. As depicted in 
Fig. 3C, R238 is located at the terminal region of an α‑helix 
and forms hydrogen bonds with D392, which is located on 
an adjacent α‑helix. In addition, R238 forms hydrogen bonds 
with L234. These interactions serve crucial roles in the local 
structure of these two helixes. The R238P variant changes the 
charge characteristic of the side chain and may disrupt the 
local structure. In light of this, it is possible that the R238P 
variant may affect the function of CPS1. The R780H variant 
maps in a loop key for the transmission of the allosteric 
signal (20), and this mutation has been previously reported to 
be pathogenic (22). Accordingly, the variants identified in the 
proband may cause CPS1 deficiency.

Discussion

The current study presented the clinical performance, diag-
nosis, and treatment of CPS1 deficiency in a neonate. At the 
time of admission, the patient exhibited a mild coma, persis-
tent fever, high fontanelle tension, high muscle tension and 
repeated convulsions. Additionally, the patient temperature 
at admission was ~40.2˚C. As a result, the following diseases 
were initially suspected: Neonatal encephalopathy, intracranial 
infection, intracranial hemorrhage, septicemia or hereditary 
metabolic disease. The patient was finally diagnosed with 
UCD, due to the symptoms of encephalopathy and hyperam-
monemia. Abnormal blood ammonia in comparison with the 
level in a normal child was not noted at the time of admission. 
However, ammonia level had significantly increased by the 
3rd day following admission when compared with the level 
in a normal child. A possible cause for this may be that no 
milk intake occurred within 20 h; thus, there was no protein 
substrate intake, masking the potential diagnosis (9). Upon 
admission, although amino acids were not supplemented, 
albumin dehydration and craniofacial pressure treatment were 
administered. In addition, protein substrate was added and the 
blood ammonia increased significantly. In line with previously 
published guidelines, protein intake should be avoided before 
UCD has been excluded (24).

CPS1 deficiency presenting as anorexia, irregular 
breathing, fever, convulsions, poor mental response, and coma 
occurred on the 3rd day after birth. The symptoms were similar 
to the presentation of a newborn reported by Yang et al (25). 
CPS1 deficiency can easily be misdiagnosed as septicemia 
and intracranial infection (26). The findings of the present 
study suggest that CPS1 deficiency should be considered when 
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Figure 2. Sanger sequencing of the three family members revealed that the patient had heterozygous variants of (left) c.713G>C (p.Arg238Pro) and (right) 
c.2339G>A (p.Arg780His) in the carbamoyl phosphate synthetase 1 gene (NCBI reference sequence, NM_001875.4), which were inherited from the parents. 
(A) NCBI reference sequence. Sequences obtained from (B) the proband, (C) father, and (D) mother. NCBI, National Center for Biotechnology Information.

Figure 3. Sequence alignment and structural modeling results for the variants. Sequence alignment around the variant sites of (A) c.713G>C (p.Arg238Pro, 
red arrow) and (B) c.2339G>A (p.Arg780His, red arrow) showed that CPS1 was conserved among different species. The symbols ‘*’, ‘:’ and ‘.’ indicate a high 
level of sequence conservation, where *>:>. (C) Structural modeling demonstrated that the c.713G>C (p.Arg238Pro) variant may disrupt the local structure of 
CPS1. CPS1, carbamoyl phosphate synthetase 1.
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intracranial hemorrhage, hypoglycemia, and electrolyte disor-
ders are suspected. For children with unexplained vomiting, 
anorexia, poor mental reaction and convulsions, repeated 
blood ammonia monitoring should be performed. Citrulline 
and orotic acid levels are helpful in identifying the subtypes 
of UCD  (27). Children with CPS1 deficiency typically 
exhibit plasma glutamic acid increase, citrulline decrease, 
and normal urinary orotic acid levels (28). Genetic testing 
such as WES can further validate a diagnosis and provide a 
reliable basis for prenatal eugenics (12). However, WES is a 
lengthy process from test to the final diagnosis, and therefore, 
it should be performed as soon as possible in patients who are 
difficult to give diagnose clinically. The patient in the present 
study was identified to have compound heterozygous variants 
of c.713G>C, Arg238Pro and c.2339G>A, Arg780His in the 
CPS1 gene. The c.2339G>A, Arg780His variant is a known 
pathogenic mutation (22) while c.713G>C,Arg238Pro is, to 
the best of our knowledge, a novel heterozygous mutation 
not included in any database. CPS1 c.2339G>A has been 
included in the Genome Aggregation Database (gnomAD) 
and the Exome Aggregation Consortium (ExAC) with very 
rare frequencies (1.629x10‑05 and 3.304x10‑05, respectively). 
This variant has been included in the ClinVar and HGMD 
databases and could be classified as likely pathogenic. CPS1 
c.713G>C, p.Arg238Pro has not been reported in gnomAD, 
ExAC, 1000G or HGMD. However, for this amino acid 
site, p.R238Ter has been included in HGMD. Therefore, the 
clinical interpretation of this variant could be classified as 
likely pathogenic. Protein functional prediction and struc-
tural modeling suggested that the mutation was harmful. In 
line with this, it is possible that the proband exhibited CPS1 
deficiency. Thus, the present report focused on the genetic 
spectrum of this disease.

Treatment for patients with CPS1 deficiency and clinical 
symptoms of hyperammonia includes limiting protein intake, 
using drugs to reduce serum ammonia levels (L‑arginine, 
sodium benzoate, and sodium phenylacetate), and supple-
menting with glucose  (20). For severe ammonia levels, 
blood filtration should be considered (24). The patient in the 
present study had early onset disease with rapid progress 
and a poor prognosis. If limited protein intake prior to coma 
had been undertaken, excessive blood ammonia may have 
been avoided and the prognosis may have been improved. 
Reports indicate that the onset of CPS1 deficiency in the 
neonatal period is often fatal, and the severity of clinical 
manifestations depends on the time of onset and the level 
of residual enzymatic activity (29,30). Certain patients who 
receive long‑term protein restriction and ammonia removal 
therapy may also have sequelae  (31). A previous study 
reported a patient who had remission following liver trans-
plantation (30).

Collectively, hereditary metabolic diseases in the neonatal 
period often lead patients to deteriorate rapidly. Therefore, 
early recognition of the disease by clinicians is of great impor-
tance (13). The findings of the present study suggest that blood 
ammonia monitoring should be carried out in cases where 
seemingly healthy newborns display uncommon symptoms 
several days after milk intake, in order to exclude UCD. This 
monitoring may facilitate early diagnosis and treatment and 
improve the quality of life of these patients.
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