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Methylmalonic acidemia is a rare autosomal recessive metabolic disease. However,

because of the atypical clinical symptoms, the type of late-onset methylmalonic

academia is often misdiagnosed. Especially when the blood vitamin B12 and folic

acid levels are normal, it is not easy to think of this disease. Herein we report a

9-year-old girl who developed normally on a relatively balanced diet before 7 years of age.

However, she presented with fatigue and attention deficit when she followed a vegetarian

diet. Laboratory examination showed moderate macrocytic anemia, high levels of

homocysteine, high level of propionylcarnitine/acetylcarnitine, urinary methylmalonic

acid and methyl citrate. Gene mutation analysis showed c.609G > A and c.80A > G

compound heterozygous mutations in the MMACHC gene, supported late-onset

combined methylmalonic academia with homocysteinemia. Then treatment performed

with add meat to the diet, vitamin B12, folic acid betaine and L-carnitine supplement.

One week later, the child’s clinical symptoms and the laboratory examinations were

significantly improved.
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INTRODUCTION

Methylmalonic acidemia (MMA) is a rare autosomal recessive metabolic disease caused by
methylmalonyl-CoA mutase or cobalamin (cbl, also known as vitamin B12) deficiency. In China,
cbl C deficiency is the most common type of combined MMA and homocysteinemia, which
is caused by congenital defects in cbl metabolism (1, 2). The main manifestations include the
increase in urinary methylmalonic acid and blood homocysteine (3). Most patients exhibit an early
onset, before 1 year old. These patients are characterized by acute diseases in infancy, such as
dysplasia, acute nervous system degeneration, intellectual disability, retinopathy, multiple organ
system dysfunction and hematological abnormalities (4, 5). However, there are few reports on
combined MMA with homocysteinemia of late-onset cblC (onset after 4 years old), and it is easily
misdiagnosed (6).

Here, we report a case of a 9-year girl who presented fatigue and inattention induced by a
vegetarian diet. Examination revealed moderate macrocytic anemia, high levels of homocysteine,
high level of propionylcarnitine(C3)/acetylcarnitine(C2), urinary methylmalonic acid and methyl
citrate. Compound heterozygous mutations of c.609G > A and c.80A > G were found in the
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MMACHC gene. The child was diagnosed with the type of
late-onset combined MMA with homocysteinemia and was
administered timely treatment to delay disease progression.

CASE DESCRIPTION

A 9-year-old girl presented to our hospital with a 2-year history
of fatigue and attention deficit disorder. In the last 3 months,
she realized that the above symptoms were aggravated, and she
experienced nightmares and became timid. She had shown no
obvious abnormal symptoms before that and denied any history
of prior disease.

Her previous and personal history was as follows: she was
the first child in her family. She had normal birth weight, head
circumference, height, and developmental history. She was a
mediocre pupil in grade 4 at school. She was not picky about food.
Before the age of 7, she had meals in kindergarten 3 times a day.
After that, she went to primary school and had meals at home
with her grandmother, who was mainly vegetarian. She followed
her grandmother’s plant-based diet.

The girl’s physical examination revealed a normal body
development. She had an ear temperature of 37◦C, a pulse
of 90 beats per minute, and a blood pressure of 90/60mm
Hg. She had clear consciousness but a slow reaction. Her
palpebral conjunctiva and lips were pale and appeared mild to
moderate anemia. No edema in her eyelids and lower limbs.
Cardiopulmonary and abdominal examinations were normal.
The muscle strength of her limbs was normal, but the muscle
tone of her lower limbs was minimal. Bilateral knee tendon reflex
decreased. Her sensations of pain and heat were normal. The
joint position sense of the limbs was normal. Her bilateral plantar
reflex was normal. Upper limb rotation, finger-to-nose tests and
heel-to-shin and Romberg tests were normal.

After admission, we did some tests for her. Routine blood
examination showed moderate macrocytic anemia. Hb levels
were 84 g/L, red blood cell (RBC) levels were 1.88 × 1012/L
(normal range, 3.8–5.1 × 1012/L), mean corpuscular volume
(MCV) was 128.7 fL (normal range, 80–100 fL), red blood cell
distribution width (RDW-SD) was 75.50 fL (normal range, 37–
50 fL), hematocrit (HCT) was 24.20% (normal range, 35–45%),
mean hemoglobin (MCH) was 44.7 pg (normal range, 27–34 pg),
platelet (PLT) levels were 425.00×109/L (normal range, 100–300
× 109/L), the reticulocyte percentage was 1.75% (normal range,
0.5–1.5%). Vitamin B12 levels were 389 pg/mL (normal range,
200–1,000 pg/mL), folic acid levels were 22.6 ng/ml (normal
range, 5.21–20 nq/ml), and homocysteine increased to 159
umol/L (normal range, 0–15 umol/L). Routine urine analysis
showed the following: 36.1 RBC/UL, urine occult blood 2+,
urine protein 3+, and negative urine bilirubin. The urinary
red blood cell morphology suggested glomerular hematuria.
The 24-h urinary protein level was 269.1 mg/24 h (normal
range, 28–141 mg/24 h). She had normal urine output, blood
creatinine of 68.9 umol/L (normal range, 41.0–73.0 umol/L)
and urea was 9.85 mmol/L (normal range, 2.60–7.5 mmol/L),
β2-microglobulin 3.02 mg/L (1–3.00 mg/L). Routine fecal and
occult blood tests were negative. The levels of blood cholesterol,

triglyceride, albumin and hemobilirubin were normal. The
coagulation functions were normal. Serum anti-erythrocytic
antibodies, anti-IgG, anti-C3, anti-IgG+C3 and free antibody
tests were all negative. Ferritin (104.5 ng/mL) and transferrin
(1.92 mg/dL) were normal or nearly normal. The patient had
no acidemia, and the pH (7.43), HCO3− (22.0 mmol/L), and
BE (-1.5 mmol/L) levels were within the normal range. The
anion gap (16.6 mmol/L) was slightly increased. No abnormality
was found on magnetic resonance imaging scan of head. No
abnormalities in cardiac structure or urinary system were found
by color doppler ultrasound.

Then, we obtained the consent of the patient’s parents and
performed the measure of plasma amino acid and acylcarnitine
by tandem mass spectrometry, and the urine concentrations of
organic acids by gas chromatography mass spectrometry. The
C3/C2 ratio in plasma was increased to 0.43 (normal range, 0.02–
0.20). The urinary methylmalonic acid and methylcitrate levels
were increased to 92.7 mg/g creatinine (normal range, 0.0–4.0
mg/g creatinine) and 1.8 mg/g creatinine (normal range, 0.0–0.7
mg/g creatinine), respectively.

The clinical manifestations and laboratory examination of the
patient supported the diagnosis of late-onset combindMMAwith
homocysteinemia, macrocytic anemia and renal damage. Then,
we used next-generation sequencing for gene mutation analysis,
revealing c.609G > A (p.W203X) and c.80A > G (p.Q27R)
compound heterozygous mutations in theMMACHC gene of the
proband. Both mutations are pathogenic mutations, Her parents
with normal clinical phenotype were c.609G > A and c.80A
> G mutation carriers respectively, so the mutation inherited
from her parents (Figure 1). The patient is classified as the
cblC subtype.

Once the diagnosis was confirmed, the corresponding
treatment was performed: the addition of meat to the diet,
intramuscular injection of 1 mg/d vitamin B12 for 3 days and
then adjusted to 0.5mg intramuscular injection three times a
week, and oral supplementation of 5 mg/d folic acid, betaine 3
g/d and 1 g/d L-carnitine. During the treatment above, her blood
pressure and vital signs remained stable without any other new
symptoms. One week later, anemia significantly improved: red
blood cells increased to 2.2 × 1012/L, Hb increased to 90.0 g/L,
MCV decreased to 117.0 fL, and the percentage of reticulocytes
increased to 6.99%. Plasma homocysteine level decreased to 49.6
µmol/L. The urine protein and occult blood decreased to 1+, the
blood urea decreased to 4.6 mmol/L. In addition, the girl’s spirit
improved, and the reaction was more flexible than before. Her
appetite increased, and her weight increased by 0.5 kg in a week.

DISCUSSION

MMA is a rare autosomal recessive metabolic disorder of
methylmalonyl-CoA mutase or its coenzyme cbl that leads
to abnormal accumulations of methylmalonic acid, propionic
acid, methyl citrate, and other metabolites, causing nerve,
liver, kidney, bone marrow, and other organ damage (7–
9). Two main forms of the disease have been identified,
including isolated MMA and combined MMA (10), which is
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FIGURE 1 | The genetic characteristics of the family with the MMACHC mutation. (A) The pedigree of the family. The proband is a compound heterozygous mutation

in the MMACHC gene. Both of their parents are carriers. (B) Sequencegrams. MMACHC c.609G>A and c.80A>G were identified in the DNA of the patient (II-1). The

mutation of MMACHC c.609G>A was found in DNA samples derived from his father (I-1). The mutation of MMACHC c.80A>G was found in DNA samples derived

from his Mather (I-2).

accompanied by homocysteine. In Europe, America and Japan,
isolated MMA is the main type. However, in China, combined
MMA with homocysteinemia is the main type, accounting for
70% of all patients (4, 11). Depending on the age of disease
onset, MMA patients are divided into the early-onset type
(during the first year after birth) and late-onset type (after the
age of 4) (12).

CblC is the most common type of combined MMA and
homocysteinemia, which is caused by decreased function in
vitamin B12 due to mutations in the MMACHC gene. The
estimated incidence of cblC in Europe and the United States
ranges from 1:46,000 to 1:200,000 (13, 14), and it has been
deduced from 1:3220 to 1:21,488 (8, 15, 16) in China.
Approximately 90% of reported patients with cblC disease
present with the severe, infantile, early-onset form of the disease
(12, 17, 18). However, late-onset cblC disease is rare, and a patient
with atypical clinical symptoms is easily misdiagnosed (6, 19).
The clinical symptoms of this child appeared late with large cell
anemia accompanied by renal damage. After admission, vitamin
B12 and folic acid levels were within the normal range, which
could be easily misdiagnosed as renal anemia or digestive system
disease. Subsequently, we performed the analysis of plasma
amino acids, C3 levels and urine concentrations of organic
acids. The results showed that plasma C3, C3/C2, and urine
methylmalonic acid levels were increased. Due to the presence
of high homocysteine levels, she was clinically diagnosed with
combined MMA and homocysteinemia (20). Mutation analysis

is more reliable evidence for MMA diagnosis. The child was
more than 4 years old at the age of onset; thus, this disease
was considered to be a late-onset subtype of combined MMA
and homocysteinemia (cblC type) precipitated by vegetarianism.
Excessive accumulation of MMA in the blood can cause
mitochondrial dysfunction, neuronal apoptosis, oxidative stress,
resulting in neurodevelopmental disorders (21). High level of
homocysteine may damage endothelial cells and stimulate pro-
inflammatory signaling pathways (18), which contribute to the
child renal dysfunction and not good academic performance.
The clinical symptoms of the child improved significantly after
treatment, including the renal functions which improved swiftly
and not requiring the need for renal biopsy. In addition, there
was no hypertension or abnormality in coagulation factors.

It is worth noting that the vitamin B12 blood levels in these
children are within the normal range compared to those in
normal individuals. Although vitamin B12 concentrations were
normal in our patient, they should be measured to exclude
nutritional deficiency disorders of the absorption of vitamin B12
(7). Vitamin B12 is not synthesized in the human body. It is
naturally found in animal food products, includingmeat, poultry,
(shell) fish, eggs, milk, and other dairy products (22). Vitamin
B12 is generally not present in plant foods. A diet rich in plant-
based foods and with fewer animal source foods will increase the
risk of vitamin B12 deficiency, especially for people who need
more vitamin B12. Diet-associated vitamin B12 deficiency, which
can lead to large cell anemia and nervous system damage, occurs
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only in people who have been on a strict vegetarian diet for a long
time without extra supplement (23).

The grandmother of this child was not a strict vegetarian,
so she did not show clinical symptoms caused by vitamin B12
deficiency. However, due to the existence of MMACHC gene
mutations, she demanded for a high dose of vitamin B12 and
sufficient calories to maintain methylmalonic acid metabolism
and satisfied the need of the growth and development in the body
(24, 25). Therefore, the child developed normally on a relatively
balanced diet before 7 years of age. However, she presented
with non-specific clinical symptoms later when she changed her
usual diet. The reason can be relatively insufficient of vitamin
B12 intake and also the overall reduction in her calories that
led to her ‘catabolic’ state leading to production of higher than
usual amounts of MMA in her body, and trigger a series of
clinical symptoms.

The treatment principles of combined MMA and
homocysteinemia are to reduce the generation of metabolic
poisons and/or to accelerate their clearance (26). Intramuscular
cbl is more effective in reducing homocysteine and
methylmalonic acid levels compared with oral administration,
and hydroxycobalamin is more effective than methyl
or cyanocobalamin for the patients of cblC (27), so
we chose intramuscular hydroxycobalamin. Given that
L-carnitine promotes the excretion of propionyl- and
methylmalonylcarnitine, the tolerance to nutrients causing
propionate production such as odd-chain fatty acids should
increase. Oral folic acid and betaine reduce blood homocysteine
levels (20). In this case, the patient’s anemia rapidly improved.
Follow-up methylmalonic acid and homocysteine levels were
significantly reduced after intramuscular injections of cbl,
confirming a good therapeutic effect.

The prognosis of children with combined MMA and
homocysteinemia mainly depends on the type of disease, onset
and clinical compliance (3). In general, patients who respond to
vitamin B12 have a better prognosis, whereas patients with late-
onset have a slower clinical progression (28). After 1 week of the
above treatment, her blood C3/C2, urine methylmalonic acid and
homocysteine levels were significantly reduced, and her clinical
symptoms were significantly improved. These results indicate
that vitamin B12 treatment was effective in this child. This finding

suggests a good prognosis in the near term, but the long-term
efficacy still needs to be further observed.

In conclusion, clinicians should pay attention to the possibility
of combined MMA when older children have mental symptoms,
large cell anemia, high levels of homocysteine, but normal folic
acid and vitamin B12 levels, which may also accompanied by
other organ function impairment. The girl we report had both
mental symptoms and renal damage. The active improvement
of blood amino acid and acylcarnitine levels was conducive
to timely and correct diagnosis, and early treatment improved
and avoided complications as much as possible. Improved gene
analysis provides important evidence for clear genotyping and
accurate genetic counseling.
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