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Abstract Hyperornithinemia-hyperammonemia-homo-
citrullinuria (HHH) syndrome (OMIM 238970) is an auto-
somal recessive disorder that is caused by a deficiency of
mitochondrial ornithine transporter 1, resulting in dysfunc-
tion of the urea cycle. HHH is the rarest of the urea cycle
disorders, reported in fewer than 100 patients. It is
characterized by extreme phenotypic variability, including
diverse ages of onset and severity of phenotype. We report
the first confirmed instance of HHH syndrome in a
premature infant (31 2/7 weeks) with severe hyper-
ammonemia (1,300 mmol/L).

This case highlights the importance of considering HHH
in the differential diagnosis for neonatal hyperammonemia.
Because HHH is not detected by newborn screening, and
the characteristic biochemical triad may be subtle or even
absent, it has the potential to be underdiagnosed; however,
making the diagnosis has critical therapeutic implications as
treatment is distinct from other urea cycle defects. For
instance, lysine supplementation is a beneficial treatment
unique to HHH. Therefore, we present here a review of
previously reported cases in order to demonstrate the full
spectrum of the disease and highlight potentially diagnostic
features.

Abbreviations
ASA Argininosuccinate
CPS I Carbamoyl phosphate synthetase I
CSF Cerebrospinal fluid

DOL Day of life
HHH Hyperornithinemia-hyperammonemia-homo-

citrullinuria
INR International normalized ratio
LP Lumbar puncture
OTC Ornithine transcarbamylase
TPN Total parenteral nutrition

Introduction

The urea cycle, which converts ammonia to urea, is the
major pathway for disposal of waste nitrogen. Functioning
of the cycle involves the tightly regulated action of five
enzymatic steps as well as membrane transporters which
assure smooth integration of the mitochondrial and cyto-
plasmic components of the cycle. Mutations in either the
constituent enzymes or the transporters can result in urea
cycle defects, the clinical severity of which depends in part
upon the completeness of the functional alteration. Urea
cycle defects can present at virtually any age. Often an
environmental stressor (typically infection) evokes hyper-
ammonemia and clinical symptomatology by overwhelm-
ing an already compromised urea cycle (Lee et al. 2014).

Hyperornithinemia-hyperammonemia-homocitrullinuria
(HHH) syndrome (mitochondrial ornithine transporter 1
deficiency) is an autosomal recessive disorder characterized
by a failure of mitochondrial ornithine uptake (ORNT1/
SLC25A15) and consequent inadequate supply of this
amino acid to the mitochondrial ornithine transcarbamylase
(OTC) reaction. The result is hyperammonemia and the
accumulation of ornithine and lysine in the cytoplasm
(Kim et al. 2012). Homocitrulline is thought to form from
carbamylation of the increased cytoplasmic lysine pool.
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Patients manifest protein intolerance, episodic vomiting,
growth failure, hepatomegaly, liver failure, and neurologic
manifestations, including altered consciousness, seizures,
pyramidal tract signs, and a variable degree of cognitive
impairment with or without behavior problems. However,
the clinical presentation can be highly variable (Lee et al.
2014; Lemay et al. 1992; Al-Hassnan et al. 2008;
Gatfield et al. 1975).

Clinical Case Report

We present a male neonate born to a 27-year-old G2P0011
mother. Delivery was via Cesarean section at 31 2/7 weeks
gestation due to maternal preeclampsia. Birth weight was
1.385 kg and the APGAR scores were 8 and 9. The mother
received regular prenatal care. The patient was born to
healthy non-consanguineous parents. The mother had
electively terminated a prior pregnancy when she was
18 years. Family history was unremarkable with regard to
intellectual disability, metabolic disease, dietary protein
intolerance, or miscarriages. Both the mother and maternal
grandmother described migraine headaches in association
with menstruation. Prenatal laboratory tests and fetal
ultrasounds were normal. Following delivery, he manifested
periodic breathing that was treated with oxygen via nasal
cannula and continuous positive airway pressure (CPAP) 6.
He received a single dose of surfactant. On day of life
(DOL) 4, worsening apnea and lethargy obliged intubation
and controlled ventilation. A septic workup, including
lumbar puncture, was performed because of deteriorating
mental status and worsening apnea. Antibiotic therapy was
initiated. Blood, urine, and CSF cultures were all negative.
He initially received parenteral nutrition, but this was
stopped when hyperammonemia (1,300 mmol/L) was
discovered on DOL 5. The next day he was transferred to
the Children’s Hospital of Philadelphia, where the initial
blood ammonia was 623 mmol/L and treatment was started
with intravenous acylation therapy (sodium phenylbutyrate
and sodium benzoate; Ammonul) and intravenous arginine.
Hyperammonemia rapidly resolved, and by DOL 9 he was
successfully transitioned to oral therapy with arginine and
sodium phenylbutyrate.

Although the patient’s ammonia levels quickly normal-
ized with medical management, he remained critically ill
and required dopamine and norepinephrine infusions for
approximately 2 weeks. He had severe hepatic dysfunction
and a coagulopathy reflected in an international normalized
ratio (INR) that peaked at 2.31, prompting daily admin-
istration of vitamin K as well as multiple transfusions of
fresh plasma, packed red cells, platelets, and cryoprecipitate
for the first week of life. Neither multiple transfusions nor
treatment with parenteral infusions of protein evoked
hyperammonemia in our patient after his ammonia

normalized. He also briefly required hydrocortisone for
cardiovascular support, but steroid therapy did not cause
recurrent hyperammonemia. Protein (0.25 g/day) was
reintroduced into his TPN on DOL 9. His clinical picture
was also notable for findings not associated with OTC
deficiency such as small bilateral pleural effusions, a
pericardial effusion, ascites, and generalized edema.

The Pennsylvania state newborn screening test was
normal; detailed evaluation showed slight increases of
phenylalanine and methionine. Urine organic acid quanti-
tation and the blood acylcarnitine profile were normal. He
never became acidotic. Blood lactate and pyruvate were not
significantly elevated. Carbohydrate-deficient transferrin
analysis was not suggestive of a congenital disorder of
glycosylation.

Plasma amino acid quantitation, initially obtained while
the baby received parenteral nutrition, showed increased
glutamine, ornithine, and citrulline. The glutamine/citrulline
ratio was approximately 20 – in the expected range for
OTC deficiency. The elevated ornithine was originally
attributed to arginine supplementation; however, a repeat
blood aminogram showed even more highly elevated
ornithine (315 mmol/L; normal 26–164 mmol/L) and low
blood lysine (56 mmol/L; normal 67–230 mmol/L) and
relatively low citrulline (5.8 mmol/L; normal 0–35 mmol/L)
(Fig. 1). Enteral lysine supplementation was initiated, and
the infant was transitioned from arginine to citrulline. Urine
orotic acid was initially (DOL 7) high at 12.5 mmol/mol
creatinine (normal <4 mmol/mol creatinine); however
this declined to a normal concentration after a few days
(Table 1). Urine amino acid quantitation initially showed a
generalized aminoaciduria, consistent with prematurity, but
repeat analysis showed a disproportionate increase of urine
ornithine. Urine homocitrulline was qualitatively present on
retrospective analysis, but the concentration was within the
“noise” of the test so was not initially remarked upon.

Single nucleotide polymorphism (SNP) chromosomal
microarray was not consistent with the Xp11.4 gene
deletion syndrome that includes a loss of ornithine trans-
carbamylase (Deardorff et al. 2008). The karyotype was a
normal male, 46 XY without regions of homozygosity.

A next-generation sequencing urea cycle disorder panel
(GeneDx, Maryland) showed two heterozygous pathogenic
variants in the SLC25A15 gene (c.22 C>T with variant p.
Gln8Ter (Q8X) and c.337 G>A with variant p.Gly113Ser
(G113S)), which encodes the mitochondrial ornithine
transporter, consistent with HHH syndrome. No other
mutations were found.

Methods

For all standard runs, amino acids were analyzed using
ultra-performance liquid chromatography, as described
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previously (Narayan et al. 2011). A standard column
temperature of 43�C was used.

Discussion

HHH syndrome is an autosomal recessive disorder charac-
terized by reduced ammonia clearance through the urea
cycle due to mitochondrial ornithine deficiency. The basic
defect is at the level of the mitochondrial ornithine
transporter (ORNT1/SLC25A15), which has been mapped
to chromosome 13q14. The clinical phenotype comprises
protein intolerance, episodic vomiting, growth failure,
hepatomegaly, and neurologic manifestations, including
altered consciousness, seizures, pyramidal tract signs, and
a variable degree of cognitive impairment with or without
aberrant behaviors (Kim et al. 2012).

Impaired ornithine transport across the mitochondrial
membrane causes ornithine accumulation in the cytoplasm
and intramitochondrial ornithine deficiency. In four
cases reported by Kim et al., patients all had elevated
ornithine (200–1,400 mmol/L) and ammonia levels (up to
844 mmol/L) in blood and homocitrulline (~200 mmol/L) in
urine (Kim et al. 2012). Our patient’s initial presentation
was more severe with a blood ammonia of >1,300 mmol/L.
He also had hepatic dysfunction that improved in tandem
with resolution of the hyperammonemia. Our patient’s
presentation is compared to other patients with HHH who
presented in the neonatal period in Table 2 below.

Since the initial description by Shih et al., fewer than
100 patients with HHH syndrome have been reported (Shih
et al. 1969; Sokoro et al. 2010). Most ethnic groups are
represented, and there is no common mutation apart from a
founder effect in the French-Canadian population of
Quebec (Gatfield et al. 1975; Tessa et al. 2009).

The initial presentation and time of diagnosis in HHH is
highly variable. In a retrospective review of 54 patients,
there were 12 patients with a neonatal presentation (birth to
1 month), 13 with an infantile presentation (>1 month to
1 year), 24 with a childhood onset (>1 year to 12 years),
and 5 with an adolescent to adult onset (>12 years). Only
one patient was identified by newborn screen. Patients
typically present acutely with intermittent hyperammone-
mia accompanied by vomiting, ataxia, lethargy, confusion,
and coma, findings common to other urea cycle disorders.
Some HHH patients have presented with fulminant liver
failure (Fecarotta et al. 2006; Martinelli et al. 2015).

In most instances, HHH syndrome involves a chronic,
progressive disease with protein intolerance, coagulation
abnormalities, hypotonia, developmental delay, progressive
encephalopathy with mental regression, and early signs of
motor dysfunction. The vast majority of patients
respond well to dietary and pharmacological therapy with
a protein-limited diet and chronic ammonia scavenging
therapy. The disorder is rarely lethal, with about 95% of
patients surviving after diagnosis. By early adulthood, most
patients develop signs of pyramidal tract dysfunction, often

Table 1 Patients orotic acid levels

Amino acid Day of life Level Lab range

Orotic acid DOL 2 12.49 mmol/mol Cr 2.27–4.13 mmol/mol Cr

Orotic acid DOL 17 1.75 mmol/mol Cr 1.15–3.09 mmol/mol Cr
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Fig. 1 Patient’s plasma amino acid levels
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evolving into frank spastic paraparesis and lower limb
stiffness. However, cognitive function is relatively pre-
served. Waisbren et al. found that in seven patients with
HHH, IQs ranged 70–107 (Waisbren et al. 2016). Virtually
all survivors had developmental disabilities that correlated
with the number, severity, and duration of episodes of
hyperammonemia (Msall et al. 1984, 1988).

Because HHH is a relatively rare urea cycle disorder that
can be missed on newborn screen and has developmental
outcomes that correlate with the number, severity, and
duration of episodes of hyperammonemia, it is important to
consider it in a differential diagnosis of any patient with
hyperammonemia of unknown etiology. HHH also has the
potential to be underdiagnosed since the classic bio-
chemical triad may also be subtle or even absent. To our
knowledge, this is the first instance of HHH in a premature
neonate and illustrates the variability of the syndrome,
including severe cardiovascular instability.
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Synopsis

Hyperornithinemia-hyperammonemia-homocitrullinuria is
an important consideration in the evaluation of a neonate
with hyperammonemia, even if the characteristic bio-
chemical triad is not yet apparent.

Table 2 Comparison of patients with HHH who presented in the neonatal period

Age at
presentation Sex Lethargy Seizures

Elevated,
AST/ALT Coagulopathy

Ammonia
(mmol/L)

Ornithine
(mmol/L) Mutation(s)

DOL 4a M + � + + 1,300 1,538 p.Q8Ter, p.G113S

1 monthb M + � NA + 400 370 p.S175fsX192, p.
L283F

2 monthsb M + � + � NA NA p.L71Q, p.L71Q

0–2 yearsc F + + � � NA 689 NA

Birthc F + � + + NA 618 p.G27R, p.G27R

Birthc M + + + � NA NA p.S90, p.S90

Birthc,d M + NA + NA NA 1915 NA

Birthc M + + � � NA 595 p.G27R, p.Y55

Birthc NA + NA NA NA NA NA p.A15E, p.A15E

Birthc M + + NA NA NA NA p.F188del, p.
G190D

Birthc M NA NA NA NA NA 616 NA

Birthc,d F NA � � � NA NA p.L71Q, p.L71Q

Birthc M NA � � � NA 887 p.K245, p.K245

Birthc F + + � + NA 509 p.R179, p.R179

Birthc F + � � � NA 290 p.R179, p.R179

Birthc F + NA � + NA 370 p.S175fsX192, p.
L283F

M male, F female, NA not available
a Our patient
b Tessa et al. (2009)
cMartinelli et al. (2015)
d Deceased
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