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Biotin Responsive Multiple Carboxylase Deficiency Presenting
as Diabetic Ketoacidosis

Jia-Woei Hou, MD, PhD

Multiple carboxylase deficiency (MCD) is a rare inherited metabolic disease of biotin
dependency due to deficiency of holocarboxylase synthetase (HCS) or biotinidase deficien-
cy. A 30-month-old female patient who presented with the initial features of diabetic
ketoacidosis (severe metabolic acidosis, ketosis, and hyperglycemia), lactic acidemia, mod-
erate hyperammonemia, and generalized organic aciduria is described. Associated symptoms
and signs included erythematous skin rashes, alopecia and developmental delay. The patient
responded dramatically to treatment with biotin (10 mg/day) showing normalization of clini-
cal symptoms and most biochemical abnormalities. Based on the urine organic profile by
gas chromatography/ mass spectrometry (GC/MS), the diagnosis of MCD was made. A plas-
ma tandem mass study confirmed this diagnosis. The biotinase activity in serum was nor-
mal, indicating that this was a rare case of late-onset HCS deficiency. (Chang Gung Med J

2004;27:129-33)
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Multiple carboxylase deficiency (MCD) are dis-
eases of biotin dependency caused by holocar-
boxylase synthetase (HCS) deficiency or biotinidase
deficiency."? They are autosomal-recessive type
disorders of biotin metabolism, resulting in defects
in fatty acid synthesis, gluconeogenesis and amino
acid metabolism."? The clinical picture involves the
skin, and the nervous, respiratory, digestive, and
immune systems, but the great number of individual
variations often makes the clinical diagnosis diffi-
cult."* Early diagnosis and appropriate treatment
are essential in order to prevent death from metabol-
ic acidosis or irreversible damage to the central ner-
vous system.?” Previously, researchers showed that
HCS deficiency correlated with the early-onset form
in most patients.®® I herein report a case of late-
onset of MCD with the initial presentation mimick-
ing diabetic ketoacidosis (DKA).

CASE REPORT

A 30-month-old girl was referred for genetic
analysis because of respiratory difficulty. She was
the second child of healthy, non-consanguineous par-
ents after an uneventful pregnancy and delivery with
a birth weight of 3250 g. No metabolic disease or
other genetic diseases were noted in the family. She
was rather well except for mild developmental delay
until this hospitalization. She developed the symp-
toms of poor appetite, vomiting, drowsiness, and
tachypnea 5 days after one episode of respiratory
tract infection, and was referred under the impres-
sion of having DKA. On admission, the patient was
severely ill and had dyspnea with a respiratory rate
of 60/min. Her body weight (BW) was 11 kg (10th
percentile), body height (BH) was 82 cm (90th per-
centile), and head circumference (HC) was 47 cm
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(10th percentile). Her skin was dry with eczematoid
dermatitis over the periorbital and perioral areas. Her
hair, eyebrows and eyelashes were sparse. The ini-
tial laboratory data showed hyperglycemia (592
mg/dL), metabolic acidosis (pH: 7.015 and base
excess -31.1 mEq/L), mildly increased ammonia
(151 pmol/L), lactic acidemia (12.2 mmol/L), and
heavy ketonuria (4+) with ketonemia (0.25 mmol/L).
Electrolytes were within the normal limits. Mild
leukocytosis (15.0X10° cells/L) with normal differ-
ential counts, and normal liver and kidney function
were also noted. Fundoscope examination results
were normal. Type 1 DM was excluded by normal
C-peptide levels after the glucagon test. The urine
organic acid profile detected by gas chromatogra-
phy/mass spectrometry (GC/MS) study showed
markedly elevated 3-OH-isovaleric acid, 3-methyl-
crotonylglycine, mildly increased lactic acid, 3-OH-
propionic acid, 3-OH-n-butyric acid and the presence
of tiglyglycine and methylcitric acids (Fig. 1A). The
pattern was typical of MCD as a result of either HCS
or biotinidase deficiency. The metabolic profile (pH
value, glucose, and ammonia) was recovered soon
after intravenous fluid rehydration, diet control with
protein restriction 1.5 g/kg/day and treatment with 10
mg of biotin per day. The abnormal organic acids
were markedly decreased (Fig. 1B). Plasma amino
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acids showed slightly increased glycine and alanine
levels. Normal biotinidase activity was noted
(Neogene Screening Inc. Pittsburgh Penn, USA).
Acylcarnitine profile of the blood sample via tandem
mass showed elevated propionylcarnitine and 3-OH-
isovalerylcarnitine which were consistent with MCD.
The follow-up data were normal.

The patient had mild retardation in neuro-devel-
opment and growth during the first 2 years of life,
and she has been enrolled in a rehabilitation pro-
gram. Biotin was administered continuously. On
follow-up examination, the patient was doing better
in motor and speech abilities. At the age of 4 years,
her BW, BH and HC were all at 50th percentile of
the growth chart.

DISCUSSION

A case of late-onset HCS deficiency presenting
with DKA was described. The symptoms and signs
of DKA and abnormal metabolic profile responded
dramatically to a short trial of biotin without recur-
rence. Before biotin treatment, the pattern of urinary
organic acids showed levels of highly elevated 3-
hydroxyisovaleric acid and 3-methylcrotonylglycine,
mildly increased lactic and 3-hydroxypropionic
acids, and modest elevations of methylcitric acid and
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Fig. 1 [A] The urine organic acid profile detected by GC/MS study shows mildly increased lactic (A), 3-OH-propionic (B), 3-OH-
n-butyric (C) acids; and markedly elevated 3-OH-isovaleric acid (D), 3-methylcrotonylglycine (E), and the presence of tiglyglycine
(F) and methylcitric acid (H), (G) 4-OH-phenylacetic acid; (IS) internal standard. [B] After treatment with biotin for 3 days, the

abnormal organic acids are markedly decreased.
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tiglyglycine (Fig. 1A), which were typical of
MCD." The elevated organic acids decreased or
normalized after starting biotin treatment (Fig. 1B).
A late-onset and biotin-responsive case of HCS defi-
ciency was thus confirmed in this patient according
to normal biotinidase activity, the typical findings of
both GC/MS and tandem mass studies.

Biotin is a water-soluble vitamin found in all
organisms and functions as a cofactor of enzymes
known as biotin-dependent carboxylases. HCS is an
enzyme that catalyzes the covalent attachment of
biotin to five biotin-dependent carboxylases in
human cells." In humans, there are three mitochon-
drial carboxylases, namely, pyruvate carboxylase,
propionyl-CoA carboxylase, and methylcrotonyl-
CoA carboxylase. MCD is a life-threatening disease
characterized by the lack of carboxylase activities
because of deficiency of HCS activity.” Only few
cases of deficiency of HCS have been reported since
1993.462  Most patients with HCS deficiency have
shown acute episodes of metabolic acidosis and
characteristic organic aciduria due to the decreased
activity of multiple carboxylases before they are a
few months old."» Symptoms include tachypnea,
feeding difficulties, seizures, and even coma or
death. Biotin-responsive MCD may present in an
early-onset or late-onset form."* The former is ini-
tially caused by HCS deficiency, and the latter by
biotinidae deficiency. Only some patients with HCS
deficiency became symptomatic later during the
infantile period.*® They are considered to be of a
milder form of HCS deficiency.

Biotinidase deficiency (late-onset MCD) results
in reduced activities of the four biotin-dependent car-
boxylases. Patients with biotinidase deficiency show
similar but more severe features than those with HCS
deficiency such as skin rashes, alopecia, kerato-con-
junctivitis, hypotonia, psychomotor retardation, atax-
ia, progressive deafness, seizure and life-threatening
episodes of metabolic acidosis.” This disease is gen-
erally fatal without treatment and survivors suffer
from severe neurological damage."

Generally speaking, the clinical presentation and
age of onset of each condition are extremely vari-
able. This patient may have had a mild form of HCS
deficiency, however DKA with mild hyperammone-
mia was the first presentation. A few metabolic dis-
eases such as branched chain aminoacidopathy and
organic acidemias (methylmalonic, isovaleric and
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propionic acidemias) may also present with DKA.®"
+101) Metabolic evaluation enabled the differentiation
of those conditions. HCS is usually a treatable meta-
bolic disorder masquerading as cerebral palsy.
Congenital disorders with MCD respond clinically
and biochemically to oral biotin therapy. The prog-
nosis of MCD is good when biotin is introduced
early and continued through life."

The underlying mechanism in HCS deficiency,
discovered in 1981, is the decreased affinity of HCS
for biotin which impairs the formation of HC at
physiological biotin levels.” The human HCS
cDNA has been isolated and shown to encode 726
amino acids."® The primary defect of mutant HCS
had been believed to be a deficient HCS activity or
the Km for biotin is elevated leading to decreased
affinity for biotin."* In a pregnancy at risk for defi-
ciency of HCS, prenatal diagnosis was performed by
assay of the enzyme in amniocytes.® Mutational
analysis of the HCS gene was possible only in some
families because the spectrum of reported mutations
of the human HCS gene varied substantially among
different ethnic groups."*'> Prenatal treatment of the
mother as early as possible with biotin led to a good
outcome for the infant at birth.®® Newborn screen-
ing by the tandem mass also offers the opportunity
for early diagnosis and treatment of the disease in the
general population."?
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