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1. Introduction

Cobalamin C disease (cblC) and isolated homocystinuria are metabolic disorders involving defects in the
intracellular metabolism of cobalamin [1] and homocysteine respectively [2] (Figure 1). Homocystinuria is a
condition inherited in an autosomal recessive pattern that prevents the body from processing protein correctly
leading to elevated levels of methionine or homocysteine in the body [2]. There are different forms of
homocystinuria, with the most common form in children being due to defective cystathionine beta-synthase (CBS)
action which requires vitamin B6 as a cofactor to metabolize homocysteine into cysteine [2]. Cobalamin C disease
on the other hand is an autosomal recessive inborn metabolic error caused by mutations in the metabolism of
cobalamin associated C (MMACHC) gene resulting in impaired intracellular processing of vitamin B12 and
consequently elevated methylmalonic acid (MMA) as well as homocysteine levels [3].
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Figure 1. (a) This diagram shows key pathways in homocysteine metabolism and highlights the effects of
Cobalamin C (CblC) deficiency and classical homocystinuria.In the methionine cycle, dietary methionine is
converted to S-adenosylmethionine (SAM),which donates methyl groups and becomes S-adenosylhomocysteine
(SAH), eventually regenerating homocysteine. Homocysteine can also be converted to cystathionine via
cystathionine beta-synthase (CBS), requiring vitamin B6. CBS deficiency leads to homocystinuria, with elevated
homocysteine and methionine (green arrows). On the left, vitamin B12 (cyanocobalamin) is converted to active
forms (methylcobalamin and adenosylcobalamin) through a process dependent on the MMACHC gene. In CblC
deficiency, this conversion is impaired, disrupting both homocysteine remethylation and methylmalonic acid
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(MMA) metabolism. As a result, homocysteine and MMA levels increase, while methionine decreases (purple
arrows). (b) This flowchart outlines the diagnostic approach to elevated plasma and urine homocysteine detected
through newborn screening or clinical symptoms (e.g., lens dislocation, neurological issues). Based on
methionine and MMA levels, the chart differentiates between classic homocystinuria (Hcu), due to CBS
deficiency, and remethylation defects, including cobalamin disorders and MTHFR deficiency. Confirmatory

testing includes genetic analysis, enzyme assays, and vitamin/metabolite measurements..

Both disease conditions are characterized by abnormal homocysteine metabolism and can be identified early
during newborn screens (NBS). The Texas NBS screen for metabolic disorders utilizes tandem mass spectrometry
to analyze heel stick dried blood spot samples collected from newborns 24—48 h after birth with a second sample
collected between 7—14 days of life [4].

Early diagnosis and prompt treatment of disorders of inborn errors of metabolism (IEM) is important to
prevent permanent neurological damage [5,6]. Using two distinct cases, this case report describes the laboratory
evaluation for both conditions.

2. Case Description

2.1. Case 1

A clinically well 3-week-old female with a normal first newborn screen presented to our hospital due to an
abnormal second newborn screen significant for slightly elevated propionylcarnitine (C3). Her second screen was
flagged as abnormal due to a borderline C3 level and an elevated C3/C2 ratio. She was admitted for further
evaluation and to initiate therapy due to suspected cobalamin metabolism defect.

2.2. Case 2

A 4-week-old female was referred to our hospital for elevated methionine levels noted on second and third
newborn screens. Total plasma homocysteine and methionine were elevated. There were no abnormalities noted
on physical examination and her growth and development were progressing appropriately.

2.3. Laboratory Investigation

As with all abnormal screening results, confirmatory testing is required to confirm the presence of disease.
For case 1, the recommendation was to measure urine organic acids, plasma acylcarnitine and plasma amino acids
[7]. Patient’s plasma amino acid results were normal with normal methionine levels, urine organic acid results
showed elevated urine methylmalonic acid (MMA) level of 1992 (reference interval 0—5 mmol/mol creatinine)
while plasma acylcarnitine results revealed elevated C3 (14.14 nmol/mL; reference interval < 0.94 nmol/mL).
With elevated MMA, there are two possible broad differentials—methylmalonic aciduria or defects of cobalamin
metabolism such as cobalamin C deficiency. To rule out methylmalonic aciduria, plasma homocysteine was
measured. In classical methylmalonic aciduria, plasma homocysteine should be elevated with low methionine
levels [8]. The patient’s total plasma homocysteine was elevated at 82.1 pmol/L (reference interval < 10.4 umol/L)
with a normal methionine level making the differential for this patient likely to be cobalamin C deficiency. She
was started on carnitine and hydroxycobalamin therapy while her buccal swab specimens was sent out for genetic
testing. This identified biallelic variants ¢.331C>T (p.Argl11*) and c.482G>A (p.Argl61Gln) in MMACHC,
consistent with a diagnosis of cobalamin C disease. She is continuously being managed with hydroxocobalamin
and carnitine and is doing well with normal growth and development.

For case 2, the patient had hypermethioninemia on her NBS. For patients with elevated methionine on their
newborn screens, the preferred investigation is to obtain plasma amino acids and plasma total homocysteine levels
[7]. The patient’s total plasma homocysteine and methionine were elevated at 85.9 umol/L (reference interval 4—
14) and 196 pmol/L (reference interval 9-45) respectively. Both of these findings were consistent with
homocystinuria.

She was started on pyridoxine and folic acid while a blood sample was sent for genetic testing. A homozygous
missense mutation ¢.1330G>A (p.D444N) on exon 14 of the cystathionine beta-synthase (CBS) gene which has
been reported in patients with homocystinuria was identified [9]. Since Bes-responsive and Bs-non-responsive
phenotypic variant of homocystinuria exist, a pyridoxine (B¢) challenge test was recommended to ascertain vitamin
Bs responsiveness [10]. Three weeks following pyridoxine and folic acid therapy, plasma levels of methionine and
homocysteine were measured to confirm response to dietary therapy. Plasma levels of methionine and
homocysteine remain elevated at 109.8 pmol/L (reference interval 11-50 pmol/L) and 133.3 pmol/L (reference
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interval 4—14 umol/L) respectively. The diagnosis was therefore redefined to non-B6 responsive homocystinuria.
Subsequently, pyridoxine and folate were discontinued and she was placed on betaine plus methionine-restricted
formula. Two weeks following the new diet regimen, plasma methionine returned to normal levels of 33.3 pmol/L
(reference interval 11-50 umol/L) while plasma homocysteine level decreased to 35.4 pmol/L (reference interval
4-14 pmol/L).

3. Discussion

CbIC is the most common form of cobalaminopathies characterized biochemically by methylmalonic aciduria
and hyperhomocysteinemia [11]. Clinical presentation is varied and affected individuals can present with
symptoms at any age [12]. Homocystinuria is a rare autosomal recessive disorder associated with high total
homocysteine levels and associated with clinical symptoms including developmental delay, ocular abnormalities,
thromboembolic disease etc. [2]. Newborn screening programs have made early detection of these disorders
possible. Following NBS, confirmatory testing is required to establish diagnosis. Homocysteine and methionine
levels which can be measured in the clinical laboratory can allow early differentiation of both disorders. Table 1
and Figure 1a,b shows a typical workup to distinguish between CbIC and homocystinuria following a positive
NBS with expected changes in the levels of these analytes.

Table 1. Typical workup to distinguish between cobalamin C deficiency and homocystinuria.

Cobalamin C Deficiency Homocystinuria
. Elevated C3 S
Newborn screening Elevated C3/C2 ratio Elevated methionine
Plasma homocysteine Elevated Elevated
Plasma methionine Low or normal Elevated
Methylmalonic acid Elevated Normal or mildly elevated

4. Conclusions

These cases highlight the critical role of newborn screening and focused metabolic evaluation in identifying
and confirming inborn errors such as cobalamin C disease and homocystinuria. Prompt differentiation through
biochemical and genetic testing enables early, targeted treatment while minimizing complications and optimizing
developmental outcomes in affected infants.
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