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Abstract: Malonic aciduria is a rare autosomal recessive organic acid disorder. With the widespread
use of tandem mass spectrometry for analysis of the amino acid /acylcarnitine profile on dried blood
spots for newborn screening (NBS), this condition can be readily diagnosed and can be included in
the organic acid screen in NBS programs. In Qatar, we report the first case of an asymptomatic baby
screened and diagnosed with malonic aciduria through NBS. This patient has a genetic variant of
malonyl-CoA decarboxylase that has not been previously reported in the literature. This condition
should be differentiated from a similar disorder, combined malonic and methylmalonic aciduria.
The clinical phenotype of malonic aciduria is variable and the pathophysiology is not fully understood.
There is no established guidance or recommendations regarding the appropriate treatment regimen,
dietary therapy or regular follow-up of these patients. Most available evidence for treatment is based
on a single study or case report.
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1. Introduction

Malonic aciduria is caused by malonyl-CoA decarboxylase (MCD) deficiency. It is a rare autosomal
recessive disorder and until now fewer than 30 cases have been reported in the literature [1]. With
the widespread use of tandem mass spectrometry methods for amino acid /acylcarnitine (AA/AC)
screening on dried blood spots (DBS) by many newborn screening laboratories around the world,
we are likely to be faced with the challenges of diagnosing such rare inborn errors of metabolism in
our NBS programs. Access to confirmatory tests for plasma acylcarnitines, urine organic acids and
molecular genetics is the key in the differentiation and confirmation of these disorders.

Malonyl-CoA decarboxylase is expressed by the MLYCD gene on chromosome 16 and catalyzes
the decarboxylation of malonyl-CoA to acetyl-CoA. MCD activity has been described in a wide array of
organisms, including prokaryotes, birds, and mammals [2—4]. In mammals, cytoplasmic malonyl-CoA
is a potent inhibitor of carnitine palmitoyltransferase (CPT1) and, thus, of mitochondrial fatty acid
oxidation [5]. The balance of malonyl-CoA synthesis by acetyl-CoA carboxylase and degradation by
MCD is likely to have an important regulatory role in fatty acid metabolism. Increased malonyl-CoA
levels potently inhibit long-chain acylcarnitine acyltransferases [5] and thus decrease the 3-oxidation
of fatty acids in both mitochondria and peroxisomes. The MLYCD gene has a tissue-specific expression
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pattern [6,7] with the highest message levels in the heart muscle, then the skeletal muscle, followed by
the brain, small intestine, liver, kidney and pancreas. The characteristic phenotype is variable, but may
include developmental delays in early childhood, seizures, hypotonia, diarrhea, vomiting, metabolic
acidosis, hypoglycemia, ketosis, abnormal urinary compounds, lactic acidemia, and hypertrophic
cardiomyopathy [8].

2. Diagnosis and Clinical Presentation

Most cases of MCD deficiency reported in the literature were diagnosed after clinical presentation.
Here we report a case diagnosed upon newborn screening. The DBS for newborn screening in Qatar
is collected at 36 hours after birth. The AA /AC profile by tandem mass spectrometry as butyl esters
showed raised malonylcarnitine (C3DC). The related ratios C3DC/C10 and C5DC/C3DC were also
abnormal. Injection analysis of butyl esters by tandem mass spectrometry cannot differentiate between
C3DC and C80OH. Consequently, the C3DC result may include a contribution from C8OH which can
be increased in some medium-chain metabolic disorders. Additional confirmatory tests are essential
for diagnosis. We performed second-tier testing on DBS by liquid chromatography/tandem mass
spectrometry for methylmalonic acid which was mildly elevated. The results for this patient and the
reference ranges are displayed in Table 1. The AA/AC results for this patient were uploaded into
the Region 4 Genetics Collaborative (R4GC) database for comparison with previously reported MCD
deficiency data. The graph in Figure 1 clearly displays the primary marker (C3DC) and secondary
markers (ratios) in the abnormal range and is highly suggestive of a diagnosis of malonic aciduria.

Table 1. Patient results of newborn screening and confirmatory tests.

Analyte Result Reference Range

Amino acid/Acylcarnitine profile on DBS by
tandem mass spectrometry

C3DC (malonylcarnitine) 1.99 <0.25 umol/L
C3DC/C10 23.09 <3.00
C5DC/C3DC 0.057 0.3-6.00

Second tier test on DBS by liquid
chromatography/tandem mass spectrometry

Methylmalonic acid 9.30 <5.00 pmol /L
Urine organic acid analysis *
Malonic acid 1036 <14 mmol/molKrea
Methylmalonic acid 59 <18 mmol/molKrea

* Performed by University Clinics Heidelberg.
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Figure 1. Cumulative normal percentile and MA* (Malonic Aciduria) disease range overlap plot.
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The baby was asymptomatic at birth and discharged from the hospital as usual. Based on the NBS
results raising the suspicion of an organic acid disorder, the child was recalled into the hospital for
assessment and further investigations. Apart from physiological jaundice, the baby had no clinical
features of organic acidemia such as hypoglycemia or metabolic acidosis. Apart from the mildly
raised total bilirubin, the blood results for glucose, kidney function tests, electrolytes, liver function
tests, lactate, ketone bodies and blood gases were entirely within the normal limits. Samples for
the confirmatory tests were collected and sent to the University Clinics Heidelberg for the analysis.
The plasma acylcarnitines analysis confirmed the raised malonylcarnitine. Urine organic acids showed
markedly elevated malonic acid with a mild increase in methylmalonic acid. Molecular testing was
performed by Centogene and MLYCD gene analysis showed homozygosity for the MLYCD mutation
¢.1213dup (p.Tyr405Leufs*74). This duplication creates a frame shift starting at codon Tyr405. The new
reading frame ends at a stop codon 73 position downstream. This variant is reported in the Exome
Aggregation Consortium with a frequency of 0.000025, i.e., in three among 120,544 alleles (ExAC
database). This is the first time this genetic variant has been detected and it is so far not listed in
CentroMD 3.0. It is classified as likely pathogenic (class 2) according to the recommendations of
Centogene and American College of Medical Genetics (ACMG). No large deletions or duplications
within or including the MLYCD gene were detected by MLPA analysis. Pathogenic variants in the
MLYCD gene are causative for malonyl-CoA decarboxylase deficiency. The pathogenic alleles identified
and reported so far in all the patients of malonyl-CoA decarboxylase deficiency are documented in the
Human MLYCD allelic variant database [9].

The diagnosis was made in a full-term baby with a normal birth weight born to a 21-year-old
Pakistani mother. The parents of the child had consanguineous marriage. The child is nine months
old now with regular follow-ups in the metabolic clinic. He has normal growth and developmental
milestones. He is receiving L-Carnitine supplements 340 mg orally three times a day. The child is
under the care of the dietitian who has started him on a low long-chain triglyceride (LCT) restricted
formula three times a day. The cardiologists are regularly following up the child for hypertrophic
cardiomyopathy. His first echocardiogram performed at nine months of age showed moderate left
ventricular dilatation (fractional shortening 23% and left ventricular end diastolic diameter 35 mm).
The child will have a follow-up echocardiogram after a month and if the left ventricular dilatation
persists he will be initiated on an angiotensin-converting enzyme inhibitor.

3. Discussion

Malonyl-CoA decarboxylase deficiency is a rare organic acid disorder. NBS laboratories can
detect rare inborn errors of metabolism by including the related primary and secondary markers
in the AA/AC screen on DBS. In patients with malonic aciduria, the C3DC is clearly elevated
on the AA/AC screen and abnormal levels of the related markers C3DC/C10 and C5DC/C3DC
also compliment the suspected diagnosis. For the NBS laboratories participating in the Region 4
Genetics Collaborative (R4GC) or the Mayo Clinic Collaborative Laboratory Integrated Reports (CLIR),
the AA/AC profile results can be uploaded and compared to normal populations and previously
reported abnormal results for specific metabolic disorders to further support the suspicion of a specific
metabolic disorder. In addition, the analysis of a successive DBS helps to confirm the findings of the
initial DBS. Confirmatory tests such as plasma acylcarnitines, urine organic acids, and, if possible,
molecular testing are essential to confirm the diagnosis and differentiate the disorder from other related
disorders or possible interferences (in this case CSOH).

While reporting malonic aciduria, one should consider differential diagnosis of combined
malonic and methylmalonic aciduria (CMAMMA). In the latter condition, methylmalonic acid is
also markedly elevated in addition to the malonic acid. Urine organic acid analysis shows much
larger amounts of methylmalonic acid than malonic acid [10]. Confirmation of this condition is
done by molecular testing showing mutation in the ACSF3 gene on chromosome 16q24, which
encodes for the malonyl-CoA synthetase enzyme. This enzyme converts methylmalonic acid to
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methylmalonyl- CoA. The condition is inherited as autosomal recessive and clinically may present
with hypotonia, developmental delay, failure to thrive, hypoglycemia and coma. Some affected
children have microcephaly. Other people with CMAMMA do not develop signs and symptoms until
adulthood and these individuals usually have neurological problems, such as seizures, loss of memory,
a decline in thinking ability, or psychiatric diseases.

Malonyl-CoA decarboxylase breaks down malonyl-CoA (a fatty acid precursor and a fatty
acid oxidation blocker) into acetyl-CoA and carbon dioxide. The enzyme deficiency leads to high
concentrations of malonyl-CoA in the cytoplasm and this will inhibit 3-oxidation of fatty acids
through deactivating the carrier of the fatty acyl group CPT1, and thus blocking fatty acids from
going into the mitochondrial matrix for oxidation [5]. Without the enzymatic activity of MCD, cellular
malonyl-CoA increases so dramatically that at the end it is instead broken down by an unspecific
short-chain acyl-CoA hydrolase, which produces malonic acid and CoA. Malonic acid is a Krebs cycle
inhibitor, preventing the cells from making ATP through oxidation. In this condition, the cells, to make
ATP, are forced to increase glycolysis, which produces lactic acid as a by-product. The increase of
lactic and malonic acid causes metabolic acidosis. L-Carnitine supplementation has been shown to
stimulate CPT1 in the liver of the aged rats [11]. Wightman et al. [12] in their study found that their
fourth patient, who was six days old, clinically presented with metabolic decompensation. He was
placed on L-Carnitine supplements along with a low protein and low fat diet, and has been well
since that time with normal growth and development and no subsequent episodes of metabolic
decompensation. Gordon B et al. [13] demonstrated in their two case reports that the levels of malonic
acid in the urine dramatically reduced after L-Carnitine load (100 mg/Kg body weight). Based on
these studies, we speculate that L-Carnitine supplementation is a key component in the treatment
of malonic aciduria patients, to stimulate beta-oxidation of the fatty acids through CPT1 and reduce
the levels of malonyl-CoA and thus prevent episodes of metabolic decompensation such as metabolic
acidosis and hypoglycemia. Our patient diagnosed upon newborn screening, although asymptomatic,
is on L-Carnitine supplements. He has normal growth and developmental milestones, and has not
developed any episodes of metabolic decompensation to date.

Currently, there are no established dietary recommendations for MCD deficiency or related
disorders (CMAMMA). MacPhee et al. [13] described two patients with MCD deficiency and agreed
with Brown et al. [14] and Haan et al. [15] that a low fat, high carbohydrate diet would lead to near
normalization of the urinary organic acid excretion with no further hypoglycemia episodes. Hospital
admission was recommended during periods of infection as well as during febrile illness as the harmful
effects of the disorder became apparent. Hypertrophic cardiomyopathy has been reported in up to
40% of patients with MCD deficiency [16,17]. Fitzpatrick et al. [18] found two of their seven patients
with chronic malonic aciduria developed cardiomyopathy, in contrast to the other patients, whose
urine malonic acid is elevated only during acute illness. So they concluded that cardiomyopathy
may occur only after prolonged exposure to high levels of malonic acid. These patients should be
regularly screened for cardiomyopathy even when they are asymptomatic in order to ensure early
therapy [19]. Footitt et al. [20] described a baby with MA and cardiomyopathy showing improvement
in cardiac function attributable to a long chain triglyceride (LCT) restricted /medium chain triglyceride
(MCT) supplemented diet (1.9% energy from LCT, 25% from MCT and the remainder carbohydrate)
along with an angiotensin-converting enzyme inhibitor (ACE) therapy. Moderate Left ventricular
dilatation was detected by the first echocardiogram in our patient at nine months of age. Based on
these findings, he is being initiated on a LCT-restricted diet for now. He will be started on an ACE
inhibitor if necessary after a month’s review.

4. Conclusions

Malonic aciduria can be readily diagnosed by NBS laboratories with tandem mass spectrometry
analysis of amino acids/acylcarnitines on dried blood spots. In this case report, a new allelic variant
of malonyl-CoA decarboxylase deficiency is identified which has not been reported in the literature
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before. Early diagnosis and initiation of treatment help reduce parental anxiety and may help
reduce the risk of complications. Based on the available evidence, L-Carnitine supplementation
and LCT-restricted /MCT-supplemented diet help promote the normal growth and development
of the child, prevent episodes of metabolic decompensation and reduce the risk of hypertrophic
cardiomyopathy in the long term.
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Abbreviations

NBS newborn screening

MA malonic aciduria

DBS dried blood spot

MCD malonyl-CoA decarboxylase

CoA coenzyme A

CPT1 carnitine palmitoyl transferase 1

AA/AC amino acid/acylcarnitine

C3DC malonylcarnitine

LCT long chain triglycerides

MCT medium chain triglycerides

CMAMMA combined malonic and methylmalonic aciduria
R4GC Region 4 Genetics Collaborative

CLIR Collaborative Laboratory Integrated Reports
ACMG American College of Medical Genetics

MLPA multiplex ligation dependant probe amplification
CentoMD Centogene Comprehensive Mutation Database
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