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Objective: The Cobalamin C (cblC) disease is an inborn error of cobalamin metabolism. 

Late-onset cblC disease was diagnosed in patients having overt symptoms after 4 years of age. The 

late-onset cblC disease patients were rare and easily misdiagnosed. This study analyzed the clinical 

presentations, gene mutations, and treatments of Chinese patients with late-onset cblC disease.

Methods: The clinical data of 26 Han Chinese patients diagnosed with late-onset cblC disease 

were retrospectively analyzed. All patients underwent serum homocysteine level exam, urine 

concentrations of organic acids measurement, neuroimaging scans, gene analysis, and treat-

ments evaluations.

Results: The mean age at disease onset and diagnosis was 17.8±7.0 years. The most frequent neu-

ropsychiatric disturbances were lower limb weakness (50%), psychiatric disturbances (46.2%), 

and gait instability (42.3%). The mean methylmalonic acid level in urine was 107.4±56.6 μmol/L, 

and mean serum total homocysteine was 105.4±41.0 μmol/L. The most common abnormal 

radioimaging changes were observed in the spinal cord (88%) and brain (32%). Scoliosis was 

detected in 85.7% of patients. The methylmalonic aciduria and homocystinuria type C protein 

gene analysis showed that c.482G.A (57.7%) and c.609G.A (34.6%) mutations were the most 

frequent genotypes. After treatments with hydroxycobalamin, betaine, folic acid, L-carnitine, 

and compound vitamin B, the clinical features and biochemical parameters of patients with 

late-onset cblC disease were found to be alleviated.

Conclusion: In our late-onset cblC disease cases, lower limb weakness, psychiatric distur-

bances, and gait instability were the most frequent manifestations. Patients responded well to 

the drug treatments with hydrocobalamin and betaine. When juvenile or adult patients with 

hyperhomocysteinemia present with neurological symptoms, cblC disease needs to be considered.
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Introduction
The Cobalamin C (cblC) disease is an inborn error of cobalamin metabolism caused 

by mutations in the methylmalonic aciduria and homocystinuria type C protein 

(MMACHC) gene.1,2 The defective MMACHC protein causes decreased levels of 

the adenosylcobalamin (AdoCbl) and methylcobalamin (MeCbl), cofactors for the 

enzymes methylmalonyl-CoA mutase and methionine synthase.1,2 The deficient activity 

of these enzymes causes elevation of methylmalonic acid (MMA) and homocysteine, 

and decreases production of methionine.1,2 The main biochemical markers for the 

disease are elevated total plasma homocysteine (Hcy) and MMA in plasma and urine. 

The onset age of most cblC disease patients is in the infancy period, while for few 

patients, it is in the adolescent or adult period, named late-onset cblC disease.1 The 
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late-onset cblC disease commonly presenting with atypical 

clinical symptoms without family history is often misdiag-

nosed. The diagnosis of cblC disease is challenging because 

the clinical manifestations and age of presentation are highly 

variable. In the following, we retrospectively analyzed a large 

Chinese case series of late-onset cblC disease patients with 

neuropsychiatric presentations to raise awareness for this 

rare but treatable disease.

Methods
This study included 26 Han Chinese late-onset cblC disease 

patients with neuropsychiatric manifestations. This study was 

in compliance with the ethical principles of the Declaration 

of Helsinki, and was approved by the ethics committee of 

Qilu Hospital of Shandong University. All patients or their 

parents (for patients under the age of 18 years) had signed 

informed consent forms prior to inclusion in the study.

The plasma amino acid levels, including propionylcarnitine 

(C3)/cetylcarnitine (C2), were detected by tandem mass spec-

trometry, and urine concentrations of organic acids were 

measured by gas chromatography mass spectrometry in all 

patients’ samples (MILS International, Japan). All patients 

underwent urinalysis and blood tests, including electrolytes, 

glucose, liver and kidney function, blood coagulation, and 

total homocysteine concentrations. Most patients underwent 

brain and spinal cord MRI scans with a 1.5T MR system 

(GE Healthcare, Pittsburgh, PA, USA). The mutations in 

the MMACHC gene using PCR and DNA sequencing were 

detected in all patients’ blood samples (Kingmed Diagnos-

tics, Guangzhou, China).

All patients received drug treatments of cyanocobalamin 

(CNCbl) (intramuscular injection; 0.5–1 mg/day) and/or 

hydrocobalamin (OHCbl) (intramuscular injection; 

0.5–1 mg/day), and betaine (oral; 1–3 g/day). Some patients 

also received MeCbl (intravenous/intramuscular injection; 

0.5–1 mg/day), folic acid (oral; 10–30 mg/day), L-carnitine 

(intravenous infusion; 1–3 g/day), and compound  vitamin B 

(20–60 mg/day). When the disease was stable (4–8 weeks 

after treatments), all patients still received OHCbl (intra-

muscular injection; 0.5–1 mg/week) and betaine (oral 

administration; 1–3 g/day). Some patients also took oral 

administration of folic acid (10–30 mg/day) and compound 

vitamin B (20–60 mg/day). All patients were followed up 

for 0.5–5 years after treatments.

Results
There were 14 female and 12 male patients. The mean 

age at disease onset and diagnosis was 17.8±7.0 years 

(range =4–38 years) and 20.5±7.0 years (range =5–39 years), 

respectively. The mean delayed time from initial symptoms 

to diagnosis was 32.1±39.9 months (ranged from 0.5 months 

to 11 years). Lower extremity weakness (13/26) was the 

most frequent neuropsychiatric manifestation, followed by 

psychiatric disturbances (12/26), gait instability (spastic gait 

or ataxia gait) (11/26), cognitive impairment (7/26), and 

seizures (7/26). Moreover, two patients had nephropathy, 

and one patient had pulmonary embolism (Table 1).

Anemia was detected in seven patients (7/26). The mean 

methylmalonic acid level in urine was 107.4±56.6 μmol/L 

(range =31.0–236.5 μmol/L; reference range =0.2–5.6 μmol/L) 

and mean serum total homocysteine was 105.4±41.0 μmol/L 

(range =61.4–237.3 μmol/L; reference range =0–15 μmol/L). 

The mean propionylcarnitine (C3)/acetylcarnitine (C2) was 

0.61±0.18 (range =0.34–1.03; reference,0.30). The folate 

and vitamin B
12

 serum levels of all patients were normal. 

Eighteen patients had electromyographic (EMG) exams by 

which peripheral nerve damage, including decreased con-

duction velocity, was found in 15 patients (15/18) (Table 2). 

Twenty-five patients had brain MRI scans and 17 patients 

had spinal cord MRI scans. The neuroimaging exams showed 

spinal cord atrophy/myelin lesions (11/17), longitudinally 

extensive transverse myelitis (4/17), cerebral cortical atrophy/

white matter lesions (8/25), cerebellum atrophy/lesions (3/25), 

basal ganglia lesions (1/25), reversible posterior leukoen-

cephalopathy syndrome (RPLS) (1/25), and hydrocephalus 

(1/25) (Table 3). Twenty-one patients had X-ray spine 

exam, and 18 patients showed scoliosis (18/21) (Table 2).

All 26 patients had MMACHC gene analysis. It showed 

homozygous mutations in two patients with c.609G.A 

(4/52) and two patients with c.452A.G (4/52). The other 

22 patients showed the following heterozygous mutations: 

c.482G.A (15/52), c.609G.A (7/52), c.656_658del (5/52), 

c.658_660del (5/52), c.445_446delTG (2/52), c.567dupT 

(2/52), c.1A.G (2/52), c.463G.C (1/52), c.217C.T (1/52),  

c.365A.G (1/52), c.615C.A (1/52) c.80A.G (1/52), 

c.354G.C (1/52), c.657_659del (1/52), c.570_571insT 

(1/52), and c.427C.T (1/52) (Table 2).

After 2–4 weeks treatments, all patients showed allevia-

tion of neurological manifestations, including psychiatric 

disturbances, lower extremity weakness, and gait instability. 

The patients’ neurological function evaluated with modified 

Rankin Scale (mRS) showed a median score of 2.42±0.50 

(range =2–3) before treatments and 1.15±0.36 (range =1–2) 

after treatments. During the follow-up examinations, the 

neuropsychiatric presentations of all the patients were found 

to be alleviated with sustained drug therapy (Table 3).
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Table 1 clinical manifestations of 26 patients with late-onset cblc disease

No. Sex Age at diagnosis/ 
onset year

Clinical 
cognitive 
deficit

Presentations

Psychiatric 
changes

Limb 
weakness

Seizures Abnormal gait Others Anemia

1 M 10/9 - - - - + - +

2 F 14/14 - - + - + - -

3 M 13/13 - - + - - - -

4 M 16/15 + - - + + - -

5 F 19/18 + + - - + - -

6 F 22/20 + - - - - - -

7 F 31/24 + - + - - - -

8 F 15/13 - - + - - - -

9 F 16/16 + - - - + - -

10 F 5/4 - - + + - - +

11 F 11/7 - + + + - - -

12 F 14/14 - + - - + - -

13 M 18/7 + + - - - renal dysfunction +

14 F 20/19 + + - - - renal dysfunction +

15 M 14/12 - + - + - - +

16 F 24/14 + - - - - Pulmonary embolism +

17 M 16/12 - - + + + - -

18 M 14/10 - - + - - - -

19 M 39/38 - - + - + - -

20 F 15/15 + - + - - - -

21 M 29/29 - - - - + - -

22 M 20/18 + - + - - - -

23 M 29/19 - + + - + - -

24 F 22/17 - - + - + - +

25 F 18/18 + - - + - - -

26 M 29/29 + - - + - - -

Abbreviations: +, positive result; -, negative result; cblc, cobalamin c; F, female; M, male.

Discussion
Five decades ago, Mudd et al3 first described the disorder 

involving vitamin metabolism abnormality due to defective 

synthesis of the active cobalamin. The combined MMA and 

homocysteinemia are associated with genetic defects of intra-

cellular cobalamin metabolism (cblC, cblD, cblF, cblJ, and 

cblX).4 cblC disease is the most common type of cobalamin 

metabolic defect with the gene encoding for the MMACHC 

located at 1p34.1.2 The protein encoded by the MMACHC 

gene was identified as the cause of cblC disease in 2006.2 

The MMACHC protein acts as a “trafficking chaperone” 

for cobalamin to accept its derivatives for passage into the 

cytoplasm.5 The estimated incidence of MMA ranges from 

1:48,000 to 1:250,000 worldwide.6 The incidence of cblC 

was approximately 1:100,000 in New York State, USA.7 

The incidence of MMA disease was recently reported to be 

approximately 1:3,920 live births in Jinan and 1:3,220 in 

Jining, Shandong province, China.8,9

cblC disease is a multisystem disease, including metabolic 

instability, pancreatitis, renal failure, intellectual impair-

ment, optic nerve atrophy, spinal cord, and basal ganglia 

injury.1 Depending on the age of disease onset, cblC disease 

patients are divided into early-onset type and late-onset type. 

In early-onset patients, the disease develops in infancy dur-

ing the first year after birth. Approximately 90% of reported 

patients with cblC disease present with the severe, infantile, 

early-onset form of the disease.1 Patients with late-onset cblC 

disease, first manifesting in adolescence or adulthood, are 

less common. “Late-onset” cblC disease was first reported 

in the 1980s.10 The term has been historically applied for 

patients that have overt symptoms after 1 year or 4 years of 

age.1,3,4,11 The age at disease onset of late-onset cblC disease 
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Table 2 accessory examinations and gene mutations of 26 patients with late-onset cblc disease

No. Serum Hcy 
(μmol/L)

Urine MMA 
(μmol/L)

C3/C2 MMACHC gene mutations (amino acid 
substitutions)

EMG X-ray 
scoliosis

1 102 89.2 0.62 c.217c.T (p.r73*), c.615c.a (p.Y205*) Mild peripheral nerve damage +

2 69.5 54.5 0.59 c.354g.c (p.Q118h), c.570_571insT (p.a191cfs*12) Mild peripheral nerve damage +

3 62.8 198 0.97 c.567dupT (p.1190Yfs* 13), c.482g.a (p.r161Q) ND +

4 110.1 101.9 0.64 c.482g.a (p.r161Q), c.609g.a (p.W203*) Normal +

5 69.5 52.6 0.48 c.445_446del (p.c149lfs*16), c.482g.a (p.r161Q) Peripheral nerve damage +

6 128 103.2 0.56 c.609g.a (p.W203*), c.365a.g (p.h122r) ND -

7 75.4 91.9 0.53 c463g.c (p.g155r), c.609g.a (p.W203*) Peripheral nerve damage +

8 111.8 141.9 0.34 c.482g.a (p.r161Q), c.427c.T (p.Q143*) Normal +

9 120.4 140.9 0.60 c.482g.a (p.r161Q), c.609g.a (p.W203*) Mild peripheral nerve damage +

10 109 105.2 0.35 c.609g.a (p.W203*), c.609g.a (p.W203*) ND +

11 103.3 236.5 0.68 c.609g.a (p.W203*), c.609g.a (p.W203*) Peripheral nerve damage +

12 77.2 31 0.52 c.609g.a (p.W203*), c.482g.a (p.r161Q) ND -

13 127.6 97 0.58 c.452a.g (p.h151a), c.452a.g (p.h151a) ND +

14 115.2 178 0.72 c.452a.g (p.h151a), c.452a.g (p.h151a) Peripheral nerve damage +

15 146.3 116 1.03 c.1a.g (p.M1?), c.615c.a (p.Y205*) Peripheral nerve damage -

16 114 111.7 0.96 c.482g.a (p.r161Q), c.656_658del (p.K220rfs*71) ND +

17 98 130 0.49 c.482g.a (p.r161Q), c.657_659del (p.K220rfs*71) Normal +

18 61.4 37.4 0.44 c.482g.a (p.r161Q), c.609g.a (p.W203*) Mild peripheral nerve damage ND

19 67.1 34.9 0.36 c.80a.g (p.Q27r), c.609g.a (p.W203*) Mild peripheral nerve damage +

20 62.3 82.4 0.51 c.482g.a (p.r161Q), c.609g.a (p.W203*) ND +

21 102.8 141.6 0.69 c.482g.a (p.r161Q), c.656_658del (p.K220rfs*71) Peripheral nerve damage +

22 193.4 59.3 0.56 c.482g.a (p.r161Q), c.656_658del (p.K220rfs*71) Peripheral nerve damage +

23 114.2 229.1 0.59 c.482g.a (p.r161Q), c.658_660del (p.a221gfs*71) Peripheral nerve damage ND

24 57.5 43.6 0.62 c.482g.a (p.r161Q), c.658_660del (p.a221gfs*71) Mild peripheral nerve damage ND

25 273.3 65.7 0.56 c.1a.g (p.M1?), c.445_446del (p.c149lfs*16) Mild peripheral nerve damage ND

26 103.3 120.1 0.89 c.482g.a (p.r161Q), c.567dupT (p.1190Yfs*13) ND ND

Abbreviations: +, positive result; -, negative result; cblc, cobalamin c; eMg, electromyographic; F, female; hcy, homocysteine; M, male; MMa, methylmalonic acid; 
MMachc, methylmalonic aciduria and homocystinuria type c protein; ND, not done or no date available.

reported in the literature ranged from 1.3 to 44 years.11  

In this study, the disease onset age ranged from 4 to 38 years. 

To date, no more than 100 cases of late-onset cblC have 

been reported, which shows a significant variation of clinical 

symptoms.11,12 It is supposed that the wide clinical heterogene-

ity of cblC disease should depend on the nature of different 

MMACHC mutations and polymorphisms of other genes 

associated with cobalamin metabolism.1 The late-onset 

cblC disease may present with acute or insidious onset and 

show sudden deterioration as well as long stable phases.1,11 

The clinical manifestations of late-onset patients are very 

heterogeneous and may be misdiagnosed. In this study, the 

mean time delay from initial symptoms to diagnosis was 

32.1 months. Late-onset cblC patients often present with 

neurological regression, neuropsychiatric symptoms, subacute 

combined degeneration of the spinal cord, hematological 

manifestations, and thromboembolic complications. In this 

study, lower extremity weakness, gait instability, and psy-

chiatric disturbances were the main clinical presentations of 

Chinese late-onset cblC patients. In the literature, cognitive 

impairment was the most frequent symptom of late-onset 

cblC disease, followed by myelopathy, ataxia, and seizures.11 

It is suggested that, in older children/adolescents, psychiatric 

symptoms, ataxia and cognitive decline were most frequent; 

while, in adults, cognitive decline, ataxia, thromboembolic 

events, and neuropathy/myelopathy were usually seen.11 In our 

study, nephropathy was detected in two patients, and pulmo-

nary embolism was also observed in one patient. We found 

about 80% patients suffered peripheral nerve damage detected 

by EMG exams. The radiologic features of cblC disease were 

usually nonspecific. The cerebral white matter involvement 

and basal ganglia lesions, especially infarcts of globus pallidus, 
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Table 3 Treatment and outcome of 26 patients with late-onset cblc disease

No. Brain MRI Spine MRI Main treatment drugs mRS

Cobalamin Betaine Folate Before/after 
treatments

1 cerebellum atrophy cervical and thoracic cord atrophy + + + 2/1

2 Normal Thoracic cord atrophy + + + 2/1

3 Normal Thoracic cord atrophy + + + 2/1

4 Normal leTM (cervical cord) + + + 3/1

5 hyperintensity of basal ganglia and cerebellum Thoracic cord atrophy + + + 2/1

6 Normal Normal + + + 2/1

7 Normal leTM (cervical cord) + + + 3/1

8 Normal Thoracic cord atrophy + + + 2/1

9 cerebral cortical atrophy ND + + + 3/1

10 cerebral cortical atrophy; white matter 
demyelination

ND + + + 2/1

11 hydrocephalus ND + + + 2/1

12 cerebellum atrophy ND + + + 2/1

13 cerebral cortical atrophy ND + + + 3/2

14 cerebral cortical atrophy cervical and thoracic cord atrophy + + - 3/1

15 rPls ND + + + 2/1

16 cerebral cortical atrophy Thoracic cord atrophy + + - 3/1

17 Normal Thoracic cord atrophy + + + 3/2

18 Normal Thoracic cord atrophy + + - 3/1

19 Normal leTM + + - 2/1

20 Normal ND + + + 2/1

21 ND Normal + + + 2/1

22 cerebral cortical atrophy Thoracic cord atrophy + + - 2/1

23 cerebral cortical atrophy Thoracic cord atrophy + + + 3/2

24 cerebral white matter demyelination leTM + + - 3/2

25 Normal ND + + + 3/1

26 Normal ND + + + 2/1

Abbreviations: +, Positive result; -, Negative result; cblC, Cobalamin C; LETM, longitudinally extensive transverse myelitis; mRS, modi fied Rankin Scale; ND, Not done or 
no date available; RPLS, reversible posterior leukoencephalopathy syndrome.

were the most common findings in early-onset patients.13 On 

the other hand, diffuse cerebrum/spinal cord atrophy and 

bilateral hyperintensity in the deep white matter/cerebellum 

on the MRI imaging were frequently reported in the late-onset 

patients.1,11 In this study, more than half of the patients with 

cblC disease showed spinal cord atrophy or lesions. Moreover, 

scoliosis was also a common radioimaging abnormality.

MMACHC protein may act as an intracellular cobalamin-

trafficking chaperone which catalyzes the reductive decya-

nation of cyanocobalamin to generate cobalamin.1 Since 

methylcobalamin is the essential cofactor for the enzyme 

methionine synthase, the cblC disease causes an impairment 

of the remethylation of Hcy to methionine. Adenosyl-

cobalamin is a cofactor for the mitochondrial enzyme 

methylmalonyl-CoA mutase, a critical enzyme in the degra-

dation of MMA.1 Thus, the elevated total Hcy concentrations 

in plasma and MMA in plasma and urine with low plasma 

Met concentration are the biochemical markers for the cblC 

disease. In this study, total plasma Hcy concentrations in all 

patients were markedly increasing, which is a useful indicator 

for the prompt diagnosis of cblC disease. Total Hcy is also 

the preferred parameter to monitor patients with cblC disease. 

Elevations of propionylcarnitine (C3) by newborn screening 

can detect cblC disease. Sequencing of the MMACHC gene 

is suggested for confirming the diagnosis of cblC disease.1 

Although vitamin B12 concentrations were normal in our 

patient cohort, it should be measured to rule out nutritional 

deficiency disorders of the absorption of vitamin B
12

.
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The wide clinical heterogeneity of cblC disease likely 

depends on the nature of the different MMACHC mutations. 

Until now, .80 different mutations of MMACHC have 

been reported.1,2 Patients with compound heterozygotes for 

missense alleles usually appear to have a milder phenotype.1 

In the European cblC disease patients with early-onset, 

severe disease showed high frequency with c.271dupA or 

the c.331C.T mutations, while c.394C.T was related to 

late-onset disease.2,14 It seems that the c.394C.T mutation 

might induce a truncated protein with residual function, 

thus explaining its association with late-onset rather than 

early-onset disease.1 The c.609G.A nonsense mutation or 

c.482G.A missense mutation is encountered frequently 

in the Chinese population.11,12,15 In this study, we found 

the c.482G.A mutation was the most frequent genotype 

in our patients with a ratio of 57.7% (15/26). The second 

most frequent mutation was c.609G.A nonsense mutation. 

Seven patients were heterozygous, and two patients were 

homozygous for this mutation. In our previous study about 

four pairs of Chinese late-onset sibling cblC patients, 

c.482G.A mutation was also the most frequently identified.16

The management strategies of cblC disease have 

remained largely unchanged since its discovery. Treatment 

with high-calorie and low-protein diet is a mainstay to treat 

patients.1,17 Since low-protein diet therapy does not show 

a beneficial effect on the metabolic control of the patients, 

protein restriction is not recommended for the patients 

anymore.18 The therapy medicines for patients with cblC dis-

ease include cobalamin, L-carnitine, betaine, folic acid, and 

B group vitamins.1,17 The immediate treatment with parenteral 

OHCbl and betaine was strongly recommended, which seems 

to be effective in decreasing the infantile mortality rate.4 

It also seems that most late-onset cblC patients respond well 

to the OHCbl treatment with significant improvements not 

only of biochemical parameters, but also of clinical neuro-

logical manifestations.11 It has been reported that high doses 

of cobalamin administration could have a greater benefit in 

cblC disease patients with severe neurological phenotypes.19 

It was shown that mutant MMACHC proteins have increased 

binding affinity to OHCbl compared to CNCbl.20 Moreover, 

mutant MMACHC proteins are stable in the presence of high 

concentrations of intracellular cobalamin.21 It is suggested 

that long-term management of late-onset patients with OHCbl 

supplementation and metabolic monitoring is necessary.1

Conclusion
Above all, late-onset cblC disease is relatively rare and dif-

ficult to recognize due to a wide diversity of symptoms. When 

juvenile/adult patients with hyperhomocysteine in plasma 

present with neurological symptoms that are not consistent 

with common neurological diseases, cblC disease needs to be 

considered. The organic acid screening and genetic analysis 

for MMACHC gene mutations should be implemented to 

allow for early diagnosis and to improve prognosis.
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