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abstractNeonatal hemochromatosis (NH), one of the most common causes of liver
failure in the neonate, often causes fetal loss or death during the neonatal
period. Most cases are thought to be due to gestational alloimmune disease;
however, other rare causes have been reported. NH is generally considered
congenital and familial but not heritable. We present an infant diagnosed with
NH whose clinical course differed significantly from that of most NH cases: at
11 months of age he had normal levels of liver enzymes, ferritin, and bilirubin,
and normal neurodevelopment. This term male infant was born with a history
of intrauterine growth restriction, oligohydramnios, and pericardial effusion.
On day of life 1, he had hyperbilirubinemia and transaminitis; on day of life 3,
ferritin was elevated; and on day of life 9, an MRI revealed iron deposits in the
liver and renal cortex. Phenotypic features prompted a genetics consult.
Whole-exome sequencing revealed a variant in the phosphatidylinositol
glycan biosynthesis class A protein (PIGA) gene. Germ-line PIGAmutations are
generally thought to be lethal in utero; however, there are reports of infants
with PIGA mutations associated with dysmorphic features, neurologic
manifestations, biochemical perturbations, and systemic iron overload;
development can be normal up to 6 months of age. Because of the differences
between infants with NH versus PIGA germ-line mutations in inheritance,
prognosis, and natural history of disease, we propose that PIGA gene testing
should be considered when evaluating newborns who present with NH.

CASE REPORT

The male infant was born at 37 weeks
gestational age to a 22-year-old
primigravida woman who had no
remarkable medical history. The
mother’s prenatal laboratory results
were within the normal ranges.
Prenatal ultrasound revealed
intrauterine growth restriction,
oligohydramnios, and pericardial
effusion. The infant’s birth weight was
2070 g (lower than fifth percentile),
with 1- and 5-minute Apgar scores of 6
and 8, respectively. On day of life (DOL)
1, an echocardiogram revealed a large
patent ductus arteriosus and a trivial
anterior pericardial effusion, and
laboratory results revealed
hyperbilirubinemia (conjugated

bilirubin 5.9 mg/dL, reference range
0.0–0.5) and transaminitis (AST 163
U/L, reference range 5–34). The
infectious disease workup was
negative, and included blood and
cerebrospinal fluid cultures, herpes
simplex virus (polymerase chain
reaction), respiratory viral panel and
parvovirus B19 polymerase chain
reaction, urine cytomegalovirus, and
toxoplasma immunoglobulin M.
Bilirubin, liver enzymes and ferritin
levels remained elevated during
hospitalization, with ferritin levels
reaching 3229 ng/mL on DOL 20.
Because of the elevated levels of
bilirubin and ferritin, the patient was
given a dose of intravenous
immunoglobulin on DOL 2 and DOL 17.
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Ferritin levels on DOL 144, 266, and
357 were 109, 41, and 27 ng/mL,
respectively.

A genetics consult, ordered on DOL 3
because of intrauterine growth
restriction, cholestasis, and
dysmorphic facial features, revealed
an infant who was small for
gestational age with overriding
sutures, prominent forehead,
receding hairline, and anteverted
nares. The metabolic workup,
karyotype, and chromosomal
microarray analysis (2.67 million
probes) were normal. An abdominal
MRI on DOL 9 indicated iron
deposition in the liver and renal
cortex (Fig 1 A and B). A liver biopsy
specimen revealed hepatocellular
iron, cholestasis, and extramedullary
hematopoiesis. The result of
a salivary gland biopsy was negative
for iron deposits. At this point of the
evaluation, he met criteria for
a diagnosis of neonatal
hemochromatosis (NH) because of
having extrahepatic siderosis and
liver disease.

The phenotypic features of our
patient prompted us to perform
whole-exome sequencing, which
revealed a variant in the gene for
phosphatidylinositol glycan
biosynthesis class A protein (PIGA)
(hemizygous c.307 G.Z p. Ala
103Thr, X-linked). This mutation was

recently reported to be associated
with systemic iron overload.1 Our
patient’s clinical course differed
significantly from that reported for
most patients with NH. The genetics
team has continued to follow the
infant, who, at 11 months, had normal
liver enzymes, ferritin, and bilirubin,
in addition to normal
neurodevelopment.

DISCUSSION

NH, one of the most common causes
of liver failure in neonates, often
causes fetal loss or death during the
neonatal period.2 Most cases are
thought to be due to gestational
alloimmune liver disease, with the
fetal liver injury being mediated by
activation of the complement
cascade.2,3 The diagnosis is based on
severe liver disease and extrahepatic
siderosis, and most infants present
with liver failure soon after birth.
They often have hypoglycemia,
coagulopathy, hypoalbuminemia,
jaundice, and edema, and they may be
oliguric. Intrauterine growth
restriction, oligohydramnios,
prematurity, and patent ductus
arteriosus are common. Laboratory
abnormalities include significant
hyperbilirubinemia, high
a-fetoprotein and serum ferritin
levels, low transferrin levels, and high
iron saturation.2

Observations that NH affects siblings
has led to suspicions of a genetic
defect; however, no gene locus has
been identified. It is generally
considered congenital and familial,
but not heritable.2,4

Somatic mutations in the PIGA gene
have been associated with paroxysmal
nocturnal hematuria, which presents
later in life and is life-threatening.
Germ-line mutations in PIGA are
generally believed to be lethal in utero.5

However, there are reports of germ-line
mutations in PIGA that can cause
a phenotype of dysmorphic features,
neurologic manifestations, and
biochemical perturbations.6 In addition,
hypomorphic germ-line PIGAmutations
can cause a spectrum of
neurodevelopmental disorders,
including the multiple congenital
anomalies-hypotonia-seizures
syndrome.7 This X-linked recessive
disorder is characterized by clinical
heterogeneity, including hypotonia,
anteverted nares, receding hairline,
prominent metopic suture, iron
deposits, and sutures. Development can
be normal until the onset of intractable
seizures after 6 months of age, with
severe cases leading to early death.1,7,8

Our patient’s facial features are
similar to those described above;
however, at 11 months of age he did
not have any neurodevelopmental
symptoms. His variant is classified as
unknown clinical significance, and we
speculate that it could result in partial
function of the protein and mild
symptoms. The finding that our
patient’s clinical course differed
significantly from that reported for
most patients with NH has significant
implications for the treatment and
expected outcomes for infants who
present with NH but have a germ-line
PIGA mutation. Because of the
differences in inheritance, prognosis,
and natural history of disease
between NH and PIGA germ-line
mutations, we propose that PIGA gene
testing should be considered when
evaluating newborns who present
with NH, especially if they have

FIGURE 1
A and B, Abdominal MRI indicating iron deposition in the liver (A) and renal cortex (B) of our patient
on DOL 9.
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dysmorphic features or other
congenital anomalies.

Our study reinforces the concept that
NH, although often lethal or resulting
in liver transplant, has different
etiologies that can significantly alter
the prognosis and management plan;
this was demonstrated in our case by
identification of a PIGA mutation.
Although our understanding of this
particular condition is limited,
a recent study of multiple congenital
anomalies-hypotonia-seizures
syndrome revealed that patients with
PIGA mutations may have a less
severe phenotype than is typically
expected.9 Ethically, our findings
reinforce the concept that NH is not
uniformly fatal, which should prompt
practitioners to perform a thorough
investigation to rule out nonlethal
causes. Our findings may also
encourage the development of
different approaches to the
management of patients with NH.
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ABBREVIATIONS

DOL: day of life
NH: neonatal hemochromatosis
PIGA: phosphatidylinositol glycan

biosynthesis class A protein
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