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Abstract
Rationale: Methylmalonic acidemia (MMA) is a common organic acidemia, mainly due to methylmalonyl-CoA mutase (MCM) or its
coenzyme cobalamin (VitB12)metabolic disorders. CobalaminC (CblC) type is themost frequent inborn error of cobalaminmetabolism;
it can develop symptoms in childhood and often combine multisystem damage, which leads to methylmalonic acid, propionic acid,
methyl citrate, and other metabolites abnormal accumulation, causing nerve, liver, kidney, bone marrow, and other organ damage.

Patient concerns: A 4-year-old girl presented with paleness, fatigue, severe normochromic anemia, and acute kidney injury.

Diagnosis: Based on severe normochromic anemia and acute kidney injury, renal biopsy showed membranous proliferative
glomerular lesions and thrombotic microvascular disease, supporting the diagnosis of aHUS. Although the serum vitamin B12 was
normal, further investigation found the concentration of urinary methylmalonic acid and serum homocysteine increased obviously,
genetic analysis revealed a heterozygousMMACHCmutation (exonl: c. 80A>G, c. 609G>A). The final diagnosis was aHUS induced
by inherited methylmalonic acidemia (MMACHC heterozygous mutation exonl: c. 80A >G, c. 609G >A).

Interventions: The patient was treated with a 1mg vitamin B12 intramuscular injection daily for 4 days after which the dose was
then adjusted to a 1mg intramuscular injection twice a week. At the same time, the girl was given levocarnitine, betaine, folic acid,
along with supportive treatment.

Outcomes: After treated by vitamin B12 for 10 days, the patient condition significantly improved, Follow-up results showed
complete recovery of hemoglobin and renal function.

Lessons:Although themajority of MMA onset from neurological damage, our case illustrates that partial CblC-typeMMA can onset
with severe metabolic aHUS. On the basis of chronic thrombotic microangiopathy (TMA)-induced renal damage, it can be
complicated by acute hemolytic lesions. MMA should be considered in those patients with unclear microangiopathic hemolytic
anemia accompany significant megaloblastic degeneration in bone marrow. We should pay attention to the causes and adopt a
reasonable treatment strategy.

Abbreviations: aHUS = atypical hemolytic uremic syndrome, CblC = cobalamin C, MMA = methylmalonic academia, TMA =
thrombotic microangiopathy.
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1. Introduction

Methylmalonic acidemia (MMA) is a common organic acidemia,
mainly due to methylmalonyl-CoA mutase (MCM) or its
coenzyme cobalamin (VitB12) metabolic disorders. Cobalamin
C (CblC) type is the most frequent inborn error of cobalamin
metabolism; it can develop symptoms in childhood and often
combine multisystem damage, which leads to methylmalonic
acid, propionic acid, methyl citrate, and other metabolites
abnormal accumulations, causing nerve, liver, kidney, bone
marrow, and other organ damage.[1,2] The majority of MMA
onset from neurological damage, but here we have another
interesting case that rarely presenting predominantly with
hemolytic uremic syndrome (HUS) as the first manifestation.
2. Case report

A 4-year-old girl presented to our hospital with a 20-day history
of paleness and fatigue, with no other clinical manifestations such
as hematemesis, melena, diarrhea, dermatorrhagia, gross hema-
turia, edema, joint swelling, and fever. She had been diagnosed
with severe anemia and received erythrocyte suspension
transfusion before hospital admission. When she was 1 year
old, her Hb was found to be 90g/L, for which she was given iron
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but she was not brought to the hospital for a follow-up. Her
parents and her younger sister are all healthy.
On physical examination, she had an ear temperature of 37°C, a

pulseof90beatsperminute, andabloodpressureof140/90mmHg.
Except for moderate anemic appearance, no special abnormality
was found. She was diagnosed with anemia and admitted to our
hospital for further investigation and management.
After admission, multiple blood routine tests showed normochro-

mic anemia.The lowestHbwas61g/L. Itwas difficult tomaintainher
Hb to>90g/Levenafterdoing theerythrocyte suspension transfusion
3 times. The platelet count fluctuated between 102 and 276�109/L,
Figure 1. LM: (A) renal pathology suggests that there is severe extensive
glomerulosclerosis, showing glomerular segmental basement membrane
thickening, capillary endothelial cell swelling, andmild proliferation of segmental
mesangial cells. Mesangial cells showed segmental insert phenomenon. Red
blood cell debris was visible in part of the capillary blood vessels and
polymorphonuclear leukocyte infiltration exists in part of the glomerulus. There
is also an expansion in the glomerular Bowman’s capsule cyst and a capillary
loop ischemic shrinkage. There are moderate tubulointerstitial lesions,
multifocal interstitial infiltration of renal interstitial cells with edema and fibrosis,
multifocal lamellar tubular atrophy, part of the renal tubular epithelial cells
swelling, vacuolar degeneration, and partial tubular expansion. Part of the
tubule has tubular protein present and there is focal hyalinosis in the
endomembrane of renal arterioles. (B) Light microscopy shows glomerular
segmental basement membrane thickening and “double-track sign” formation.
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the reticulocytes at 0.8% (0.5%–1.5%), vitamin B12 at 592pg/mL
(180–914pg/mL), and folic acid at 9.64ng/mL (3.7–19.8 ng/mL).
Ferritin (248.7 ng/mL) and transferrin (119.0mg/dL) were all within
thenormal range.Thalassemiagene screeningwasalsonegative.Fecal
routine and occult blood tests were negative, and the coagulation
functions were normal. Haptoglobin had decreased significantly and
was only <5.83mg/dL (30–200mg/dL), whereas lactate dehydroge-
nase had significantly increased and was 629 U/L (109–245U/L).
Erythrocyte fragmentation was observed in peripheral blood
erythrocyte morphology examination. Serum creatinine was 38.4m
mol/L at first, which then rapidly increased to 88.4mmol/L within 4
days. Hematuria (35.38/HP) and proteinuria (3+) were present in the
urine, and the urinary red blood cell morphology suggested it to be
glomerular hematuria. Urinary albumin 2260mg/L (0–30mg/L) and
urinaryN-acetylglucosidase 32.9U/L (0.3–12.0U/L) were both high.
The patient hadnoacidemia, and the pH (7.39),HCO3

� (22.1mmol/
L), BE (�2.0mmol/L), and the anion gap (15mmol/L)were all within
the normal range.
Direct and indirect antihuman ball tests were all negative. ASO

<25IU/mL (0–100IU/mL), complement C3, C4, and immuno-
globulinA,G,Mwere normal aswell. Anti-double-strandedDNA
antibodies were at 2.0% (<20%). ANA and ANCA series, lupus
anticoagulant substances, and anticardiolipin antibodies were all
negative.Bultrasound showedanenlargementof the kidneys (right
kidney size 91 � 42mm, left kidney size 90 � 40mm), but no
change in the echo.
After admission, she was given supportive treatment including

erythrocyte suspension transfusion and oxygen. Her blood
pressure was successively lowered by nifedipine, amlodipine
metoprolol, losartan potassium, and furosemide. The condition
of patient still had not improved. Her blood pressure fluctuated
between 103 and 173 mm Hg/66 and 107 mm Hg, and she still
had severe anemia, with Hb at 64g/L even after blood
transfusions. Renal function was also abnormal, with the lowest
eGFR at 56.5mL/min/1.73 m2 (>90mL/min/1.73 m2).
Figure 2. EM: the glomerular mesangial matrix is grossly increased and there is
a thickening and shrinkage of the GBM. There is a segmental inner tectorium
widening, extensive foot process fusion and the capillary is obstructed. There
are no electron dense deposits.
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We further performed conventional bone marrow examina-
tion. The smear showed a proliferation of nucleated cell with a G/
E ratio of 1.33:1 (2.76:1). Granulocyte and erythroid hyperplasia
were obvious and showed significant megaloblastic degeneration.
Renal biopsy showed that 5 of the 10 glomeruli were sclerotic

spheroids, 4 of which were concentrated, and suggestive of
membranous proliferative glomerular lesions. Thrombotic
microvascular disease is highly likely (Figs. 1 and 2).
Eye examination, adrenal and renal B-ultrasound, and
Figure 4. Follow-up of blood routine test.

echocardiography all showed no obvious abnormalities. Head
MRI showed widened bilateral frontal temporal exterior brain
space and a slightly enlarged bilateral lateral ventricle.
3. Results

By screening for blood and urinary metabolic diseases, compared
with a normal child, we found that the concentration of urinary
methylmalonic acid was 0.2017 (base line value is 0.001) in this
patient, which was increased 201.7 times. Her urinary excretion
of methyl citrate was 0.7501 (base line value is 0.017), which was
also increased 44.12 times. At the same time, her serum
homocysteine was 39.935 (5–20), increased 1.997 times;
propionyl carnitine was 6.545 (0–5.14), increased 1.27 times;
C3/C0 was 0.425(0.01–0.23), increased 1.846 times; C3/C2 was
Figure 3. The MMACHC gene c. 80A >G and the MMACHC gene c. 609G >A.
sister (D). The c. 80A site was not abnormal, but the c. 609G >A of MMACHC gen
609G site was normal, but c. 80A >G presented a heterozygous mutation in he
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0.674 (0.02–0.29), increased 2.325 times; and C3/C16 was
14.213 (0.00–6.6), increased 2.153 times. Further genetic
analysis revealed a heterozygous MMACHC mutation (exonl:
c. 80A >G, c. 609G>A) (Fig. 3). So the diagnosis of inherited
methylmalonic acidemia (MMACHC heterozygous mutation
exonl: c. 80A >G, c. 609G >A) had been established.
The patient was treated with a 1mg vitamin B12 intramuscular

injection daily for 4 days after which the dose was then adjusted
to a 1mg intramuscular injection twice a week. At the same time,
the girl was given levocarnitine, betaine, folic acid, and nifedipine
for her blood pressure, along with supportive treatment.
Heterozygous mutations were present in both, the patient (A) and her younger
e presented a heterozygous mutation in her mother (B). The MMACHC gene c.
r father (C).
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Figure 5. Follow-up of serum creatinin.
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After being treated for 10 days, the patient’s condition had
significantly improved and she was then discharged from the
hospital. She continued to receive 1mg vitamin B12 intramuscu-
lar injections twice a week along with L-carnitine solution. Her
follow-up results showed that the urinary methylmalonic acid
concentration and the level of blood homocysteine had
significantly declined. The proteinuria was also negative, and
the hematuria had obviously reduced as well. The blood routine
test and renal function changes were satisfactory (Figs. 4 and 5)
4. Discussion

HUS is a thrombotic microangiopathy, characterized by micro-
angiopathic hemolytic anemia, renal impairment, and thrombo-
cytopenia.[3] In this case, the outstanding performances were
progressive hemolytic anemia, which was difficult to be corrected,
and renal dysfunction, sowe suspected that thediagnosiswasHUS.
The number of platelets was never <10�109/L during the whole
course in this case, which was not a coincidence with HUS.
However, sometimes patients can be diagnosed with HUS even
without the presence of hemolytic anemia,[4] based on nonimmune
hemolytic anemia combined with renal biopsy. A proven
thrombotic microangiopathy, peripheral blood broken red blood
cells, a significant increase in LDH, and obviously a decrease in
haptoglobin all support the diagnosis of HUS.
An onset of complement deficiency, pneumococcal infection,

abnormalmetabolismof cobalamin, and so on can lead to atypical
hemolytic uremic syndrome (aHUS), which is related to genetic
mutations and has a distinct pathophysiology.[3,6,7] So far, only a
few cases of HUS have been triggered by a metabolic disease, such
as diabetesmellitus[8,9] andmetabolic disorder of cobalamin.[10,11]

Recently, Adrovic et al described a case of a 6-year-old girl with
CblC disorder, who was found to have a homozygous mutation in
exon 4 ofMMACHC, c. 484G>T.[11] Although the serum level of
VitB12 was normal in the patient, the bone marrow showed an
obvious degeneration, sowe highly suspected that it was caused by
metabolic abnormalities of cobalamin.
MMA is a common organic acidemia, which belongs to the

autosomal recessive diseases, mainly due to MCM or its
coenzyme cobalamin metabolic disorders, which leads to
abnormal accumulations of methylmalonic acid, propionic acid,
methyl citrate, and other metabolites, causing nerve, liver,
kidney, bone marrow, and other organ damage.[2] The clinical
diagnosis of MMA can be easily and rapidly diagnosed by gas
chromatography–mass spectrometry (GC–MS) for the organic
acid in urine, blood, and cerebrospinal fluid, or tandem mass
spectrometry (MS/MS) for the determination of propanoylcarni-
tine (C3).[12] In this case, the methylmalonic acid and methyl
4

citrate were significantly increased in the urine, and the blood C3,
C3/C0 (free carnitine), and C3/C2 (acetyl carnitine) were also
increased, so the clinical diagnosis was established.
So far, we have a very limited understanding of the genetics and

epidemiology of aHUS.[5] As CblC type is the most frequent
inborn error of cobalamin metabolism, it can develop symptoms
in childhood and often combine multisystem damage.[1,13] In this
case there was simultaneous methylmalonic aciduria and elevated
serum homocysteine, therefore we presumed that this case
probably belongs to CblC type.
Mutation analysis is the most reliable evidence for MMA

classification. The CblC encoding gene named MMACHC,
located in 1p34.1. Through the analysis of the gene mutation of
this patient’s family, the results were different from homozygous
mutation of Adrovic’s findings,[11] the MMACHC gene c. 80 A
>G and c. 609G >A. Heterozygous mutations were all found in
the patient and her sister. The c. 80A site was not abnormal, but
there was a heterozygous mutation in the patient’s mother in the
c. 609G>A ofMMACHC, and theMMACHC gene c. 609G site
was normal, but c.80A >G heterozygous mutation in her father.
The result confirmed this patient and her sister presented with
ectopic heterozygous mutations, namely, MMACHC heterozy-
gous mutations (exonl: c. 80A>G, c. 609G>A). It is particularly
necessary to notice that normal C3, C4, CFH, and CFI plasma
levels do not exclude the diagnosis of complement-dependent
HUS.[14] Since the lack of complement analysis, in this patient we
cannot completely exclude the coexisting of complement-
dependent HUS, which is a limitation of our case.
The majority of MMA onset from different neurological

damage,[15–17] but some of them may first onset with unusual
presentations, suchasmimickingdiabetic ketoacidosis,[18] late-onset
diffuse lung disease,[19] and Juvenile gout.[20] For this girl, although
the brain CT and MRI scan were suggesting the existence of brain
atrophy, there were no clinical manifestations such as vomiting,
lethargy, convulsions, movement disorders, andmental retardation.
ChildrenwithCblC typemainly present withmegaloblastic anemia,
growth disorders, and neurological symptoms. Clinical data also
showed that renal damage exists in a large population of children
with MMA,[2,21] but rarely onset from HUS.
Renal pathological changes of the girl were very interesting,

which showed coexistence of acute and chronic pathological
changes. Basement membrane ischemia shrinkage and a negative
fluorescence suggested TMA, consistent with Beck et al, who
demonstrated renal TMA in patients with CblC defect.[22]

Combined with glomerular sclerosis hinted the possibility of
chronic TMA. Although there was swelling of the endothelial
cells, the treatment results were satisfactory. Follow-up results
showed normal renal function, clinically difficult to explain.
Based on the renal biopsy, glomerular segmental basement
membrane thickening and more “double-track sign” formation
promptedMPGN. Based on the basic disease, it should beMMA-
related MPGN.
The treatment principles of MMA are to reduce the generation

of metabolic poisons and/or to accelerate their clearance.[23–25]

Intramuscular cobalamin is more effective in lowering homocys-
teine and methylmalonic acid levels than oral administration, so
we chose intramuscular cobalamin.[26] In addition, the methyl-
malonic acid and homocysteine heighten at the same time. As L-
carnitine promotes excretion of methylmalonic acid and acyl
carnitine and increases the body’s tolerance to natural protein
and betaine can promote the reduction of blood homocysteine
levels, therefore these 2 drugs were used in this patient. In this
case, patient’s hemolytic anemia had rapidly improved and renal
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function quickly returned to normal. Repeat tests in children with
increased methylmalonic acid and homocysteine levels were
significantly reduced after intramuscular injections of cobalamin,
confirming a good therapeutic effect.
The prognosis of children with MMA depends mainly on the

type of disease, the onset, and clinical compliance. The type of
vitamin B12 effective showed a better prognosis, delayed type of
more stable clinical progression to a lesser extent. The remission
of the clinical symptoms rapidly after treatment is suggestive of a
good prognosis in the near future but long-term effects should
still be further observed.
5. Conclusions

This case suggests that partial CblC-type MMA can onset with
severe metabolic aHUS. On the basis of chronic TMA-induced
renal damage, it can be complicated by acute hemolytic lesions.
MMA should be considered in those patients with unclear
microangiopathic hemolytic anemia accompanied by significant
megaloblastic degeneration in the bone marrow. We should pay
attention to the causes and adapt a reasonable treatment strategy.
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