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Background: Combinedmethylmalonic acidemia and homocystinuria, cblC type, is amulti-systemic disorder that causes growth impairment,
developmental delay, neurologic, ophthalmologic and cardiovascular abnormalities, and decreases the lifespan of affected patients. It is caused by
mutations in the MMACHC gene resulting in impaired intracellular synthesis of adenosylcobalamin and methylcobalamin, cofactors for the
methylmalonyl-CoA mutase and methionine synthase enzymes.

Methods: We evaluated 22 patients with early-onset cblC disease (age range, 1 to 27 years) through NIH study 04-HG-0127 (http://
clinicaltrials.gov identifier: NCT00078078) “Clinical and Basic Investigations of Methylmalonic Acidemia and Related Disorders” between 2004
and 2010. All patients had complementation studies and sequencing of the MMACHC gene.

Results: The diagnosis was made at the median age of 2.7 months based on an abnormal newborn screening (n=3) or clinical suspicion
because of poor feeding and failure to thrive (n=18), or progressive encephalopathy (n=8). Patients diagnosed after 2 months of age also had
seizures (n=2), visual concerns (n=3) and megaloblastic anemia (n=1). Two patients were diagnosed prenatally because of an affected
sibling. Clinical investigations found intellectual disabilities in all patients ranging from ADHD and mild developmental delay to severe
impairment. A characteristic eye disease consisting of maculopathy and retinal degeneration, and in some patients, optic nerve atrophy was
present in various stages in almost all patients. The median visual acuity was 20/500 (profound low vision range). Neurologic manifestations
included a seizure disorder in 18%, infantile spasms (n=3) and ischemic stroke (n=1). Although growth improved after the initiation of
treatment, 26% of patients had short stature; decreased growth was associated with protein-restriction, (odds ratio=7.5), but not with MMA or
tHcy levels. Other findings include microcephaly in 37%; decreased bone mineral density with an average z score of−1.62 with 4 patients in the
osteoporotic range; patients had borderline (n=6) and elevated (n=6) triglycerides with an average level of 225mg/dl (range 75–1028mg/dl);
intermittent transaminitis (n=8), and mild hepatomegaly (n=4) or fatty infiltration of the liver (n=6) seen on ultrasound. Cardiac
abnormalities were found in 6 patients and included Ebstein's anomaly (n=1), global hypokinesis (n=2) or hypertrabeculation of the left
ventricle (n=2), and left ventricular noncompaction associated with hydrops fetalis (n=1). Management strategies were highly variable; all
received parenteral OHCbl (IM or SQ, with different dosing and frequency of administration), betaine and carnitine, while 77% received folate or
folinic acid and 27% aspirin; other supplements included methionine (n=3), valine (n=1), methylcobalamin (n=1), choline (n=1), and
creatine (n=1). Protein intakewas restricted in 41% of patients to an average 70% (50–90%) of RDA. Treated patients had average plasmaMMAof
16.02 μM (range: 0.49–151 μM), C3 of 2.75 μM (range: 0.59–11.41 μM), tHcy of 70.8 μM (range: 22–134 μM) andmethionine of 22 μM (4–53 μM).
Patients with higher plasma B12 levels had lower tHcy (r=−0.53, pb0.0001) and MMA (r=−0.38, p=0.005) levels.

Conclusion: Detailed clinical characterization of patients with cblC disease will establish a baseline to evaluate the efficacy of interventions
such as newborn screening, optimal OHCbl and betaine dosing, nutritional management and other therapies that might improve the outcome of
this inborn error of metabolism.
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Background: Short-chain acyl-CoA dehydrogenase deficiency (SCADD) is an autosomal recessive inborn error of mitochondrial fatty acid
oxidation with highly variable biochemical, genetic, and clinical characteristics. SCADD has been associated with accumulation of butyryl-CoA
byproducts, including butyrylcarnitine (C4), butyrylglycine, ethylmalonic acid (EMA), and methylsuccinic acid (MS) in body fluid and tissues.
Differences in genotype frequencies have been shown between patients diagnosed clinically vs. those diagnosed via newborn screen (NBS).
Moreover, while patients diagnosed clinically have a variable clinical presentation including developmental delay, ketotic hypoglycemia,
epilepsy and behavioral disorders, studies suggest patients diagnosed via NBS are largely asymptomatic. Scant information is published about the
biochemical, genetic and clinical outcome of SCADD patients diagnosed via NBS.

Methods: We collected California NBS, follow-up biochemical levels, and ACADS mutation data from September, 2005 through April, 2010.
We retrospectively reviewed available data on SCADD cases diagnosed by NBS from three newborn screen referral centers for clinical outcomes.

Results: During the study period, 2,632,058 newborns were screened and 74 confirmed SCADD cases were identified. No correlations
between initial (NBS) C4 value and follow-up biochemical markers (C4, EMA or MS levels) were found in the 74 cases studied. We found
significant correlation between follow-up C4 vs. urine EMA (R2=0.51, pb0.0001) and follow-up C4 vs. urine MS (R2=0.45, pb0.0001). Of 21
cases where ACADS gene sequencing was performed: 6 had two or more disease-causing mutations; 7 were compound heterozygotes for a
deleterious mutation and common polymorphism; 7 were homozygous for the common polymorphism c.625GNA; and 1 was heterozygous for
c.625GNA. A statistically significant increase in mean EMA level was noted in patients with two or more deleterious mutations vs. mutation
heterozygotes (p=0.02) or common polymorphism homozygotes (p=0.005). Clinical outcome data was available in 31 patients. None
developed epilepsy or behavioral disorders, and only one patient had isolated speech delay. Over time, parents refused long-term follow-up in a
significant number of cases (12/31). Hypoglycemia (blood glucoseb60 mg/dL) occurred in two patients, both solely in the neonatal period: one
with meconium aspiration and one instance of hypoglycemia; the other with central apnea, poor feeding, and hypotonia. The latter, a c.625GNA
polymorphism homozygote, has had persistent elevations in both short- and medium-chain acylcarnitines; diagnostic workup is ongoing.

Conclusions: Our study examines the largest series to date of SCADD patients identified via NBS. Our results suggest that biochemical
confirmatory tests may be useful to differentiate patients with common polymorphisms from those with disease-causing mutations. Even in
those patients with disease-causing mutations, SCADD diagnosed via NBS appears to present largely as a benign condition.
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