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Abstract Cobalamin C (CblC) disease is the most common
inherited disorder of intracellular cobalamin metabolism. It
is a multisystemic disorder mainly affecting the eye and
brain and characterized biochemically by methylmalonic
aciduria, low methionine level, and homocystinuria. We
report a patient found to have CblC disease who initially
presented with low carnitine and normal propionylcarnitine
(C3) levels on newborn screen. Newborn screening likely
failed to detect CblC in this patient because of both his low
carnitine level and the presence of a mild phenotype.

Introduction

Cobalamin C (CblC) disease is the most common inborn
error of intracellular cobalamin metabolism. The disorder is
caused by mutations in MMACHC. Pathogenesis is due to
an inability to convert cobalamin to the active forms,
methylcobalamin and adenosylcobalamin. Methylcobala-
min is required for the conversion of homocysteine to

methionine by methionine synthase. Adenosylcobalamin is
required for the conversion of methylmalonyl-CoA to
succinyl-CoA by methylmalonyl-CoA mutase (Martinelli
et al. 2011). Therefore, CblC disease is characterized by
elevated levels of homocysteine, low methionine level, and
elevated methylmalonic acid (MMA).

CblC disease has a spectrum of severity with two distinct
phenotypic forms: early and late onset. Early-onset patients
present with intrauterine growth retardation (IUGR), micro-
cephaly, failure to thrive, developmental delay, hypotonia,
progressive retinopathy, and maculopathy (Fischer et al.
2014). Early-onset patients usually present in the first
months of life and have an unfavorable prognosis (Carrillo-
Carrasco et al. 2011). Late-onset CblC patients usually
present with extrapyramidal and neuropsychiatric symp-
toms in any decade of life (Rosenblatt et al. 1997). Late-
onset patients are less likely to have ocular involvement
(Gerth et al. 2008).

Tandem mass spectrometry-based newborn screening
(NBS) aims to detect patients with inborn errors of
metabolism prior to the onset of symptoms. Based on the
results of 5 years of expanded newborn screening in New
York State, the estimated prevalence of CblC is 1:100,000
(Weisfeld-Adams et al. 2010). Elevated levels of propio-
nylcarnitine (C3) and a high C3/C2 (acetyl) ratio could
suggest a variety of disorders of propionate metabolism
such as methylmalonic acidemia, propionic acidemia, and
congenital cobalamin defects including CblC disease.
These results require emergent evaluation by a metabolic
specialist. Rapid diagnosis and therapy is crucial in the
prevention of long-term complications of these disorders.

Here we present a case of CblC that was originally
missed by NBS. However, NBS did indicate a low carnitine
level, which in turn prompted further investigation leading
to diagnosis of CblC.
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Clinical Report

The male patient was a full-term infant born to a 19-year-
old G1P0 mother via normal spontaneous vaginal delivery
after an uneventful pregnancy. He had no complications in
the neonatal period and was discharged home on the third
day of life. His parents were healthy, nonconsanguineous,
and of Mexican descent. There was no known family
history of metabolic disease. His NBS collected on his
second day of life demonstrated an inconclusive result for a
low carnitine (C0) level (9 mmol/L, normal >10.46) and
normal C3 level. A repeat NBS on his fourteenth day again
reported a normal C3 level and a low C0 level (10.26 mmol/
L, normal >10.46) (Table 1).

Given the two low carnitine levels, he was referred to an
outside hospital for evaluation of low carnitine at 7 weeks of
life. His physical and development examinations were
normal at this time. Diagnostic testing at 7–8 weeks of life
confirmed the low carnitine level (20 mmol/L, normal
32–62). The metabolic work-up (Table 1) also revealed
significantly elevated blood C3 acylcarnitine, total and free
homocysteine, and urine and blood MMA. His vitamin B12
level was normal. These findings are consistent with a
cobalamin defect. Interestingly, he had a normal methionine
level. Methionine is often low in patients with cobalamin
defects because they are unable to convert homocysteine to
methionine. He was started on carnitine therapy and referred
to our center for further evaluation and management.

His diagnosis of CblC was confirmed with fibroblast
complementation assays. Gene sequencing of MMACHC
demonstrated two mutations: c.482G>A (p.R161Q) and
c.608G>A (p.W203X).

Therapy was initiated with hydroxycobalamin (1 mg IM
three times per week) and levocarnitine (50 mg/kg/day).
His biochemical markers of disease improved substantially
after initiation of hydroxycobalamin therapy (Table 1).
Within five days of his first injection, he had a roughly
fivefold reduction in total homocysteine and urine and
blood MMA levels. The mainstay of therapy for patients
with CblC is parental hydroxycobalamin; this is often
combined with oral betaine, carnitine, folate, and methio-
nine as needed. He was also initially started on a low-
protein diet that was subsequently liberalized. Hydroxyco-
balamin, rather than dietary therapy, is the definitive
treatment for CblC (Martinelli et al. 2011).

Given his excellent response to hydroxycobalamin, he
has not required therapy with betaine. His last exam was at
30 months of age; he has continued on 1 mg/week of IM
hydroxycobalamin and has remained in good metabolic
control (Table 1) with no episodes of acute metabolic
decompensation.

At his 30-month visit, he had normal growth parameters.
His examination demonstrated pseudostrabismus and a T
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speech delay. Ophthalmologic exam demonstrated myopic
astigmatism but no other abnormalities.

Discussion

On newborn screening, elevations in C3 and the C3/C2
ratio are markers for disorders of propionate metabolism
including CblC disease. Confirmatory testing including
acylcarnitine profile, measurements of homocysteine and
MMA, and urine organic acids can help identify an
individual’s specific diagnosis. Given the wide spectrum
of clinical presentations of CblC disease, it is possible that
cases could be missed on newborn screening. In a recent
review of missed newborn screening cases in New South
Wales, Australia, 11/15 missed cases could be attributed to
mild phenotypes. Two of these cases were CblC patients
(Estrella et al. 2014).

This is a unique case of a missed CblC disease because
the patient was ultimately diagnosed through evaluation of
a low carnitine level on newborn screen. Low carnitine may
lead to a lower C3 acylcarnitine level. Therefore, depending
on screening cutoffs, CblC patients with late-onset, mild
mutations and low total carnitine levels could be missed on
newborn screening.

Genotype-phenotype correlation of MMACHC mutations
has been reported. While more than 50 mutations have been
described, three common mutations exist, which demon-
strate genotype-specific age of onset. The c.271dupA and
c.331C>T mutations are associated with early-onset dis-
ease, while the c.394C>T mutation typically leads to late-
onset disease (Lerner-Ellis et al. 2005). Genotypic differ-
ences in age of onset are likely due to mRNA stability and
transcript levels. Individual variability in residual protein
levels and activity results in variable levels of detectable
diagnostic metabolites.

Our patient had two previously reported MMACHC
mutations, c.482G>A (p.R161Q) and c.608G>A (p.
W203X). The missense c.482G>A mutation is reported to
be a late-onset mutation, with patients generally presenting
in second or third decade (Lerner-Ellis et al. 2005, 2009;
Morel et al. 2006; Thauvin-Robinet et al. 2007). A case
series of five patients identified through NBS with
homozygous c.482G>A mutations demonstrated that all
were clinically well at age 2.5 months (Lin et al. 2009).
Only one of the five patients had elevated blood MMA and
homocysteine levels. Compound heterozygous patients
carrying the c.482G>A mutation with an early-onset
mutation (e.g., c.271dupA) have a milder phenotype than
patients with homozygous early-onset mutations (Morel
et al. 2006; Carrillo-Carrasco et al. 2011).

The nonsense c.608G>A (p.W203X) mutation found in
our case has been previously described in patients of

Hispanic origin with early-onset form of CblC (Lerner-Ellis
et al. 2005, 2009; Weisfeld-Adams et al. 2010). A similar
nonsense mutation, c.609G>A, is the most common
mutation in patients of Chinese descent. Severity of disease
and age of onset in compound heterozygotes carrying
c.609G>A depend on the severity of the other mutation
(Wang et al. 2010). Given our patient’s compound
heterozygosity for a late- and an early-onset mutation, he
would be predicted to have a mild clinical presentation.

In addition to a mild mutation, low total carnitine likely
masked this patient’s diagnosis of CblC disease. Low carnitine
can be due to primary carnitine disease or a secondary cause,
such as prematurity, (Honzík et al. 2005) or low maternal
carnitine levels since carnitine is transferred across the
placenta (Stanley 2004). Unfortunately, we were unable to
obtain a carnitine sample from our patient’s mother. Low
carnitine can also be seen in a number of fatty acid oxidation
defects and organic acidemias, as free carnitine is consumed
by excessive accumulating acyl-CoA species. Therefore this
could contribute to missed newborn screens in patients with a
variety of inborn errors of metabolism.

To increase the sensitivity of newborn screening for
CblC disease, the threshold for labeling C3 as abnormal
could be lowered. However, this would greatly increase the
rate of false-positive tests. The C3/C2 ratio can also be used
as a marker for CblC (McHugh et al. 2011). In retrospective
analysis, this ratio was actually elevated in our patient
(Table 1). However, in the state where the NBS was
performed, the C3/C2 ratio is only reported if the C3 level
is elevated. This case suggests that the C3/C2 ratio (and
perhaps other ratios such as C3/C0) should be used as a
second tier testing marker for disorders of propionate
metabolism when the total carnitine level is low.

Some researchers have suggested that NBS reports
additional markers, such as methionine and homocysteine,
in samples with elevated C3. This could help increase the
specificity of screening for cobalaminopathies (Chace et al.
2001; Tortorelli et al. 2010) and differentiate C3 elevations
due to cobalaminopathies from methylmalonic acidemia or
propionic acidemia. However, it is unclear that the addition
of these markers would help increase the sensitivity of the
NBS for CblC given that in mild cases these markers, like
C3, could be normal.

Given that two NBS failed to detect CblC in our patient,
metabolic evaluation and definitive therapy were delayed.
Early diagnosis and treatment can improve outcomes but
cannot prevent all complications of CblC disease (Rose-
nblatt et al. 1997; Andersson et al. 1999; Boxer et al. 2005;
Smith et al. 2006; Thauvin-Robinet et al. 2007; Martinelli
et al. 2011; Aleman et al. 2014). Early therapy may be
particularly beneficial for late-onset patients, as it can be
started prior to the development of any organ damage
(Huemer et al. 2014). However, recent studies have
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demonstrated residual neurodevelopmental delays and
progression of ocular disease in patients identified by
newborn screening and treated since birth (Weisfeld-Adams
et al. 2013).

In our case, ordering plasma acylcarnitine profile and
urine organic acids (UOA) in addition to blood and urine
carnitine levels helped to detect CblC disease. Although the
current recommended work-up is to measure blood and
urine carnitine levels to rule out primary and nutritional
carnitine deficiency in babies with low carnitine level on
newborn screen, this case suggests the benefits of adding
plasma acylcarnitine and UOA.

In conclusion, newborn screening may not be able to
detect all patients with CblC disease. This case report about
a newborn with CblC suggests that medical providers
should consider CblC in older patients with multisystemic
symptoms of unclear etiology such as cognitive decline,
neuropsychiatric disease, and unexpected thrombosis.

Synopsis

A CblC patient may be missed on newborn screening if he
carries a late-onset, mild mutation and has low total
carnitine levels.
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