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Abstract: Vitamin B12 (Vit-B12) deficiency is a rare and treatable cause of failure to thrive and
delayed development in infants who are exclusively breastfed. Apart from genetic causes, it can
be related to a malabsorption syndrome or when the mother follows a strict vegetarian or vegan
diet, causing a low hepatic storage of Vit-B12 in the infant at birth. As the neurological symptoms
are nonspecific, a brain magnetic resonance imaging (MRI) exam is usually performed to rule out
primary causes of neurodevelopmental delay. Findings related to brain atrophy are usually observed.
A favorable response is achieved with Vit-B12 therapy, and neurological symptoms dramatically
improve within a few days after the treatment. We present the case of an infant with severe Vit-B12
deficiency, exclusively breastfed by his young vegan mother, and whose clinical symptoms together
with MRI findings improved after treatment. Brain atrophy recovery after Vit-B12 therapy has been
seldom documented.
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1. Introduction

In developed countries, vitamin-B12 (Vit-B12) deficiency is a rare and treatable cause
of failure to thrive and delayed development in infants who are exclusively breastfed. It is
usually the result of a malabsorption syndrome in the mother or when the mother follows
a strict vegetarian or vegan diet, causing a low hepatic storage of Vit-B12 in the infant at
birth. Moreover, a genetic etiology has also been documented [1,2]. In exclusively breastfed
infants, Vit-B12 deficiency can cause serious clinical symptoms and neurological abnormal-
ities that usually present around or after the fourth month of life [2,3]. These symptoms are
nonspecific and include developmental delay, irritability, hypotonus, weakness, fatigue,
and failure to thrive [1,3]. A brain MRI exam is usually performed to rule out primary
causes of neurodevelopmental delay. Usually, together with macrocytic anaemia (which is
related to Vit-B12 deficiency) and developmental psychomotor regression, findings related
to brain atrophy might be observed, helping to direct the diagnosis [2–4]. A favorable
response is achieved with Vit-B12 therapy, and neurological symptoms usually start to
improve within a few days after the treatment [3–5]. We present the clinical history and
describe the brain MRI findings of an infant with severe Vit-B12 deficiency who had been
exclusively breastfed by his young vegan mother, and whose clinical symptoms together
with MRI findings improved after treatment. To the best of our knowledge, brain atrophy
recovery after Vit-B12 therapy has been seldom documented by MRI [6].

2. Case Presentation

A nine month old boy was referred to us for developmental regression. The infant,
exclusively breastfed, was born at 37 weeks after labor was induced for growth retardation.
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At birth, he weighed 2130 g (<3rd centile) and had a birth length of 43.8 cm and a cranial
circumference of 34 cm. At four months of age, his pediatrician noted a failure to thrive
associated with psychomotor regression and hypotonia. He had normal strength and brisk
reflexes, was able to follow objects visually, and smiled occasionally. No babbling was
observed. The findings of the general physical examination were within the normal range
without dysmorphic features.

An observation was suggested. During the follow-up, at six months the patient began
to lose appetite, vomiting, and refusing to wean. At nine months, his weight was 5885 g
(<3rd percentile), he was pale, hypotonic, with no reaction to external stimuli. Psychomotor
regression was confirmed.

The complete laboratory investigations are summarized in Table 1.

Table 1. Principal abnormal laboratory findings at admission and their changes at discharge and at
10-months follow-up.

Parameters Admission Discharge 10-Months Follow-Up

WBC 3 × 109/L (6–16) * 8.1 × 109/L 8.2 × 109/L
RBC 1.5 × 1012/L (4–5.1) * 3.9 × 1012/L 4.97 × 1012/L
HB 4.8 g/dL (10.3–13) * 11.4 g/dL 12.2 g/dL

HTC 15% (30 × 38.5) * 37.2% 36.2%
MCV 100 fL (70–90) * 93 fL 72.8
MCH 32 pg (23–29) * 28 pg 23.9 pg
RDW 25.4% (<15) * 18% 15.7%

Reticulocytes 16 × 109/L (27–99) * 132 × 109/L 87 × 109/L
Vitamin B12 <100 pg/mL (197–866) * 630 pg/mL 736 pg/mL

Bilirubin, Total 1.4 mg/dL (0–0.5) * 0.4 mg/dL 0.3 mg/dL
Bilirubin, Direct 0.3 mg/dl (0–0.3) 0.1 mg/dL 0.1 mg/dL

LDH 1602 U/L (0–470) * 1049 U/L 550 U/L
Haptoglobin <0.078 g/L (0–2.27) 0.24 g/L 0.5 g/L

WBC, white blood cells; RBC, red blood cells; Hb, haemoglobin; Htc, Haematocrit; MCV, Mean corpuscular
volume; MCH, Mean cell haemoglobin; RDW, Red Blood Cell Distribution Width; LDH, lactate dehydrogenase;
* out of range.

In particular, at nine months a severe megaloblastic anaemia (Hb 4.8 g/dL, MCV
100 fL) and leukopenia (WBC 3.500 × 109/L) were detected, and the serum Vit-B12 level
was undetectable (normal range: 197–866 pg/mL). Vitamin B12 was tested with electro-
chemiluminescence (ECLIA), with a limit of detection of 100 pg/mL. Other tests have been
performed to confirm vitamin B12 deficiency. In particular, the plasma homocysteine level
result was markedly elevated (>50 µmol/L; normal: 5–15 µmol/L), and the organic acid
urine level test showed an increased methylmalonic acid concentration (> 260 nmol/L).

The electroencephalogram showed a diffuse slowing of basic rhythms. A conventional
MRI (1.5 T GE Discovery MR450 scanner; 32-channel head coil;) obtained at nine months
and performed to rule out primary causes of developmental delay revealed atrophic
changes with a global prominence of the cerebral sulci and enlargement of the subarachnoid
space and perimesencephalic cisterns and diffuse ventricular dilatation. Thinning of the
optic nerves and corpus callosum was also detected. These findings were consistent with
cerebral atrophy; myelination was considered appropriate for the age (Figures 1 and 2).
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Figure 1. MRI exams performed (a–c) at admission to hospital and (d–f) 10 months after the start of 

Vitamin B12 treatment. (a,b) Axial (d,e) and coronal (c,f) T2-weighted images. There is evidence of 

a mild cerebral atrophy characterized by an enlargement of cortical sulci and subarachnoid spaces 

(white arrows in (a,c)). Enlargement of the lateral and third ventricles (open circle and black arrow 

in (c)), and the perimesenchephalic cistern (asterisk in (b)). Thinning of the post-chiasmatic optic 

nerves (black arrows in (b)). (d–f) Disappearance of all structural alterations after therapy. 

Figure 1. MRI exams performed (a–c) at admission to hospital and (d–f) 10 months after the start of
Vitamin B12 treatment. (a,b) Axial (d,e) and coronal (c,f) T2-weighted images. There is evidence of
a mild cerebral atrophy characterized by an enlargement of cortical sulci and subarachnoid spaces
(white arrows in (a,c)). Enlargement of the lateral and third ventricles (open circle and black arrow
in (c)), and the perimesenchephalic cistern (asterisk in (b)). Thinning of the post-chiasmatic optic
nerves (black arrows in (b)). (d–f) Disappearance of all structural alterations after therapy.

Due to the presence of a low Vit-B12 blood level, the diagnosis was extended to
rule out pernicious anaemia, and the gastric anti-parietal cell antibody (APCA) level was
assessed. The result of this test was negative, as were the metabolic disease screening tests.

As the infant had been exclusively breastfed, his mother underwent biochemical and
hematological tests. Although during pregnancy labor and breast-feeding she did not
present any particular symptoms or signs related to Vit-B12 deficiency, the exams revealed
that her serum Vit-B12 level was also undetectable and her gastric APCA test was consistent
with pernicious anaemia. Moreover, it was only on this occasion that we discovered that
she kept a strict vegan diet.

To correct the child’s severe anaemia, red cell transfusions and parenteral Vit-B12 sup-
plementation were administered. Intramuscular Vit-B12 administration was commenced
after discharge (500 µg/week for five months, followed by 500 µg every other week, and
then 1000 µg every month).

The child’s biochemical and hematological parameters had normalized by 15 days
after admission (see Table 1). During his stay in hospital, he showed a prompt neurological
improvement: he started smiling again and was no longer either lethargic or hypotonic,
and he regained the psychomotor skills that had regressed. At 15 months, a significant
clinical improvement in the boy’s conditions was observed: his weight was 8150 g, his
Vit-B12 level was 736 pg/mL, and his hematological values were unremarkable. Further
neurological improvement was observed, and a follow-up MRI scan showed the size of the
subarachnoid spaces and cerebral ventricles to be normal, related to an improvement of
the white matter amount, in keeping with a substantial recovery from the cerebral atrophy
including in terms of the optic nerves morphology (see Figures 1 and 2).
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Figure 2. (a,b) Sagittal and (c,d) axial T1-weighted images of (a–c) the admission and follow-up MRI 

exams. Enlarged subarachnoid spaces (arrow in (c)) and lateral ventricles. Myelination is considered 

normal for the patient’s age (asterisk in (c)). (b,d) Substantial recovery of the structural changes after 

therapy, (c,d) an improvement of the white matter amount is evident in particular. 
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Figure 2. (a,b) Sagittal and (c,d) axial T1-weighted images of (a–c) the admission and follow-up MRI
exams. Enlarged subarachnoid spaces (arrow in (c)) and lateral ventricles. Myelination is considered
normal for the patient’s age (asterisk in (c)). (b,d) Substantial recovery of the structural changes after
therapy, (c,d) an improvement of the white matter amount is evident in particular.

3. Discussion

The maternal Vit-B12 status is the major factor influencing the severity of a deficiency
in the substance in breastfed infants. It may be caused by unrecognized pernicious anaemia,
pre-existing malabsorption syndrome, and, nowadays, a strict vegan or vegetarian diet.
Genetic Vit-B12 metabolism defects may also occur [4]. As humans do not synthesize
Vit-B12, a diet lacking animal products (such as meat, liver, fish, eggs or milk) can lead to
a deficiency in the substance [3,4,7]. Clinical symptoms of deficiency only present when
the Vit-B12 body stores are severely depleted. Indeed, in adulthood, the average body
stores compensate the daily losses, and a diet devoid of Vit-B12 does not usually induce
clinical symptoms for many years. On the other hand, the hepatic store of a normal new-
born can last eight months, but this period may be shorter if the mother has a Vit-B12
deficiency [8,9]. Moreover, if this physiological decrease is associated with a marginal
hepatic storage and an inadequate supply, the infant’s development may be halted, and
the related clinical symptoms may present, as in our case [9,10]. Indeed, although the
patient’s birth weight was below the third centile for growth, his early development was
normal and his symptoms started at six months of age. Failure to thrive and a decrease
in the growth rate, including head circumference, may occur as reported above. Vit-B12
deficiency primarily affects the central nervous system (CNS) and hematopoiesis, but also
tissues with a fast mitotic activity such as the epithelium of the digestive tract [3,11].
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The relationship between Vit-B12 deficiency and neurological symptoms is poorly
understood. Studies on children with inborn homocysteine re-methylation defects suggest
that an abnormality in the methionine synthetase reaction, in which Vit-B12 is an important
cofactor, is the main cause of the neurological effects of Vit-B12 deficiency [2]. Furthermore,
propionyl-CoA accumulation, resulting from an unsuccessful Vit-B12-dependent reaction,
leads to an odd chain fatty acid synthesis, resulting in the incorporation of large amounts
of unusual fatty acids in the nerve sheaths, and ultimately in altered neural functions [7,8].
The acquisition of cognitive skills coincides with the CNS myelination pattern, which is
most active in the first six months of life, and consequently myelination defects secondary
to Vit-B12 deficiency can have significant effects in that they alter the function and con-
duction velocity in multiple regions of the brain, contributing to a delayed acquisition of
cognitive skills. Moreover, the consequent brain atrophy leads to a regression of those skills
already acquired [4,5,10]. As in our case, the most common symptoms include hypotonia
and brisk reflexes, irritability or lethargy, and developmental delay and even regression.
Epileptic seizures and movement disorders have been described [2–5,11,12]. However,
as the neurological symptoms are nonspecific, the first-line diagnostic work-up usually
also includes a brain MRI. Despite neurological Vit-B12 deficiency symptoms being widely
described, only a few cases describing brain MRI features have been reported, with only
one that demonstrated atrophy recovery after therapy [6,13,14].

Features consistent with cerebral atrophy include dilation of the ventricles and sub-
arachnoid spaces. As in our case, optic nerve thinning is another hallmark of the dis-
ease [3,10]. Subdural effusions have also been described [4]. However, several neuro-
genetic and metabolic disorders, characterized by neurodevelopmental delay, also show
nonspecific brain atrophy on the MRI, including mitochondrial disorders, hereditary spastic
paraplegias and organic acid disorders [13].

Although a benign enlargement of the subarachnoid space and mild ventriculomegaly
could explain that the brain MRI findings as well as follow-up changes could be related
to the developmental process, we strongly believe that the imaging changes described
were related to a profound Vit-B12 deficiency, which led to the appearance of neurological
symptoms, as previously described [4,10,14].

On the other hand, the presence of megaloblastic anaemia together with neurolog-
ical symptoms and brain atrophy should arouse a suspicion of Vit-B12 deficiency in in-
fancy [14,15]. As in our case, treatment leads to progressive clinical improvement [2],
also in terms of brain atrophy, as confirmed by the MRI follow-up exam. The mechanism
underlying reversible brain atrophy is unknown, but in patients with Vit-B12 deficiency
it could be directly proportional to the amount of Vit-B12 supplementation. An early
diagnosis and initiating administration are essential.

However, although Vit-B12 supplementation leads to a rapid clinical and morphologi-
cal improvement, there are concerns regarding the long-term prognosis, as the child may
be left with long-term intellectual problems [2,3,7,8,16]. Hence, in order to avoid devel-
opment regression and irreversible neurological damage in exclusively breastfed infants,
Vit-B12 supplementation should be provided during pregnancy for strict vegetarian and
vegan mothers and those with pernicious anaemia. MRI is an important instrument to
rule out some other causes responsible for the symptoms, and the clinical assessment after
therapy administration remains the golden rule to evaluate a patient’s response. How-
ever, MRI might be useful in monitoring brain changes in those cases without a clinical
recovery, and further studies with a large patient sample are also needed to assess morpho-
structural features related to Vit-B12 deficiency and their relationships with the long-term
clinical outcome.

Author Contributions: Conceptualization, P.F.; Data curation, P.F., F.I. and C.G.; Resources, M.B. and
R.F.; Supervision, P.F. and M.B.; Validation, P.F.; Visualization, P.F., R.F. and M.B.; Writing—original
draft, F.I., P.F. and C.G.; Writing—review & editing, all authors. All authors have read and agreed to
the published version of the manuscript.



Pediatr. Rep. 2021, 13 588

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sachdev, H.P.S.; Shah, D. Vitamin B12 (Cobalamin). In Nelson Textbook of Pediatrics, 19th ed.; Kliegman, R.M., Stanton, B.F.,

St. Geme, J.W., Schor, N.F., Behrman, R.E., Eds.; Saunders: Philadelphia, PA, USA, 2011; pp. 197–198.
2. Grattan-Smith, P.J.; Wilcken, B.; Procopis, P.G.; Wise, G.A. The neurological syndrome of infantile cobalamin deficiency: Develop-

mental regression and involuntary movements. Mov. Disord. 1997, 12, 39–46. [CrossRef] [PubMed]
3. Casella, E.B.; Valente, M.; De Navarro, J.M.; Kok, F. Vitamin B12 deficiency in infancy as a cause of developmental regression.

Brain Dev. 2005, 27, 592–594. [CrossRef]
4. Kocaoglu, C.; Akin, F.; Caksen, H.; Böke, S.B.; Arslan, S.; Aygün, S. Cerebral atrophy in a vitamin B12-deficient infant of a

vegetarian mother. J. Health Popul. Nutr. 2014, 32, 367–371. [PubMed]
5. Honzik, T.; Adamovicova, M.; Smolka, V.; Magner, M.; Hruba, E.; Zeman, J. Clinical presentation and metabolic consequences in

40 breastfed infants with nutritional vitamin B12 deficiency–what have we learned? Eur. J. Paediatr. Neurol. 2010, 14, 488–495.
[CrossRef] [PubMed]

6. Glaser, K.; Girschick, H.J.; Schropp, C.; Speer, C.P. Psychomotor development following early treatment of severe infantile vitamin
B12 deficiency and West syndrome—Is everything fine? A case report and review of literature. Brain Dev. 2015, 37, 347–351.
[PubMed]

7. Graham, S.M.; Arvela, O.M.; Wise, G.A. Long-term neurologic consequences of nutritional vitamin B12 deficiency in infants. J.
Pediatr. 1992, 121, 710–714. [CrossRef]

8. von Schenck, U.; Bender-Götze, C.; Koletzko, B. Persistence of neurological damage induced by dietary vitamin B-12 deficiency
in infancy. Arch. Dis. Child. 1997, 77, 137–139. [CrossRef] [PubMed]

9. Bjørke Monsen, A.L.; Ueland, P.M.; Vollset, S.E.; Guttormsen, A.B.; Markestad, T.; Solheim, E.; Refsum, H. Determinants of
cobalamin status in newborns. Pediatrics 2001, 108, 624–630, Erratum in Pediatrics 2002, 110, 853.

10. Avci, Z.; Turul, T.; Aysun, S.; Unal, I. Involuntary movements and magnetic resonance imaging findings in infantile cobalamine
(vitamin B12) deficiency. Pediatrics 2003, 112, 684–686. [CrossRef] [PubMed]

11. Chong, P.F.; Matsukura, M.; Fukui, K.; Watanabe, Y.; Matsumoto, N.; Kira, R. West Syndrome in an Infant With Vitamin B12
Deficiency Born to Autoantibodies Positive Mother. Front. Pediatr. 2019, 20, 531. [CrossRef] [PubMed]

12. Pavone, P.; Sullo, F.; Falsaperla, R.; Greco, F.; Crespo, A.; Calvo, A.; Caraballo, R. Vitamin B12 Deficiency and West Syndrome:
An Uncommon but Preventable Cause of Neurological Disorder. Report on Three Cases, One of Them with Late Onset during
Vitamin B12 Treatment. Neuropediatrics 2021, 52, 333–336. [CrossRef] [PubMed]

13. Pearson, T.S.; Pons, R.; Ghaoui, R.; Sue, C.M. Genetic mimics of cerebral palsy. Mov. Disord. 2019, 34, 625–636. [CrossRef]
[PubMed]

14. Taskesen, M.; Yaramis, A.; Pirinccioglu, A.G.; Ekici, F. Cranial magnetic resonance imaging findings of nutritional vitamin B12
deficiency in 15 hypotonic infants. Eur. J. Paediatr. Neurol. 2012, 16, 266–270. [CrossRef] [PubMed]

15. Acıpayam, C.; Güneş, H.; Güngör, O.; Ipek, S.; Sarışık, N.; Demir, N.Ş. Cerebral atrophy in 21 hypotonic infants with severe
vitamin B12 deficiency. J. Paediatr. Child Health 2020, 56, 751–756. [CrossRef] [PubMed]
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