


Case report 
Vitamin B12 Deficiency in Infants: Clinical Manifestations, Neurological Consequences, and Therapeutic Management 

Abstract 
Vitamin B12 deficiency is a well-recognised cause of neurodevelopmental disorders and psychomotor regression in pediatric patients. In developed countries, infant B12 deficiency most commonly occurs in exclusively breastfed infants whose mothers have subclinical or overt B12 deficiency. Beyond its clinical consequences, vitamin B12 deficiency in infancy also carries important public health implications. This comprehensive review aims to synthesise current knowledge regarding the pathophysiology, clinical manifestations, diagnostic approaches, and therapeutic management of vitamin B12 deficiency in infants. It predominantly affects exclusively breastfed infants of mothers with cobalamin deficiency, whether related to nutritional insufficiency, vegetarian or vegan diets, or maternal malabsorption syndromes. The condition typically becomes apparent between 2 and 12 months of age and is characterised by vomiting, lethargy, growth failure, muscular hypotonia, and developmental arrest or regression. Biochemically, it is associated with elevated urinary levels of methylmalonic acid and homocysteine, reflecting impaired cellular metabolism. Although neurological manifestations of vitamin B12 deficiency have been documented for nearly two centuries, the underlying biological mechanisms remain only partially elucidated. Early recognition is crucial, as parenteral vitamin B12 supplementation leads to rapid clinical improvement and prevents long-term sequelae. Furthermore, preventive maternal supplementation during pregnancy and lactation has proven effective in avoiding neurological impairment in infants.
Given the essential role of vitamin B12 in fetal and neonatal neurodevelopment, maternal awareness is critical. In particular, vegetarian and vegan mothers should be informed of the risks associated with inadequate intake during pregnancy and breastfeeding, since untreated deficiency can result in severe and potentially irreversible neurological damage in their offspring. This article reports the case of an 8-month-old infant presenting with psychomotor regression, hypotonia, and lethargy secondary to vitamin B12 deficiency, underscoring the importance of early diagnosis and maternal nutritional vigilance.
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1. Introduction
Vitamin B12 or cobalamin (Cbl) is a water-soluble vitamin exclusively contained in foods from animal sources, such as milk, eggs, meat, and fish. In infants, persistent, severe B12 deficiency causes potentially irreversible, mainly neurological symptoms, often accompanied by anaemia (Wirthensohn et al., 2023; Roat et al., 2025). Vitamin B12 deficiency in infants represents a preventable yet potentially devastating condition that can result in irreversible neurological damage and developmental delays (1,2). Unlike adults, infants have limited hepatic B12 stores (approximately 25-30 μg at birth) and higher metabolic demands relative to body weight, making them particularly vulnerable to rapid depletion when dietary intake is inadequate (3).
Vitamin B12 is an important nutrient which can’t be produced in vivo by humans.  Vitamin B12 deficiency occurs as a consequence of reduced oral intake or impaired absorption. Vegetarian diet, alcohol consumption, smoking, gastric acid suppression and drugs (i.e Metformin) may cause vitamin   B12   deficiency (Aktas et al., 2014). The global prevalence of vitamin B12 deficiency varies significantly, with higher rates observed in developing countries and among populations with limited access to animal-derived foods (4). In developed countries, infant B12 deficiency most commonly occurs in exclusively breastfed infants whose mothers have subclinical or overt B12 deficiency (5,6). Beyond its clinical consequences, vitamin B12 deficiency in infancy also carries important public health implications. Early-life neurodevelopmental impairment not only affects individual's quality of life but may also lead to long-term cognitive, behavioural, and socioeconomic burdens. These risks highlight the need for greater awareness among healthcare providers, timely maternal screening, and targeted supplementation programs during pregnancy and lactation to prevent deficiency in infants (7,8).

This comprehensive review aims to synthesise current knowledge regarding the pathophysiology, clinical manifestations, diagnostic approaches, and therapeutic management of vitamin B12 deficiency in infants, with particular emphasis on prevention strategies and long-term outcomes. We report a case of an 8-month-old male infant hospitalised in the pediatric department for progressive psychomotor deterioration.

2. Materials and Methods
Patient and Observation
We present the case of an 8-month-old male infant who presented with a history of progressive hypotonia, pallor, and failure to thrive. Maternal history revealed a term delivery at 3000g following an uncomplicated pregnancy and birth. There was no history of parental consanguinity. The infant was exclusively breastfed. Developmental milestones were normal through 6 months of age, including social smiling at 2 months, head control at 4 months, and rolling at 5 months. Growth parameters and psychomotor development remained within normal limits during the first 6 months. At 6 months of age, parents noted decreased environmental interaction and reduced activity level.
The neurological examination revealed fleeting and limited visual tracking, absence of social smiling, jerky movements, and axial hypotonia. The patient appeared pale on admission with weight measurements below the 2nd percentile. While reflexes were brisk and cranial nerve examination was normal, no other abnormal physical findings were noted
Laboratory tests showed persistent neutropenia (0.9 G/L, normal range: 1–8 G/L) and macrocytic non-regenerative anaemia (haemoglobin: 8.8 g/dL, normal range: 10–12 g/dL; mean corpuscular volume [MCV]: 105.4 fL, normal range: 85–95 fL). Platelet counts were normal. Other investigations, including electrolytes, urea, creatinine, total calcium, iron, ferritin, and TSH, were normal, except for hepatic cytolysis with transaminases elevated to three times the upper limit of normal. Serum folate levels were normal, while vitamin B12 was severely decreased at 53 pg/mL (normal range: 200–900 pg/mL). His mother followed a normal diet and received iron and folate supplements during her pregnancy. Psychomotor regression attributed to cobalamin deficiency was diagnosed based on the constellation of clinical manifestations, haematological findings of macrocytosis (elevated MCV), and biochemical evidence of vitamin B12 deficiency, with normal neuroimaging on brain CT.

In this context of deficiency, parenteral vitamin B12 therapy was initiated (1 mg three times per week). Clinical improvement was rapid, with weight gain, recovery of social interactions (social smiling), improved muscle tone, and resolution of sleep disturbances. Biologically, a reticulocyte response was observed on the eighth day, and anaemia resolved within three weeks (haemoglobin: 12.4 g/dL, normal range: 10–12 g/dL; MCV: 80.3 fL, normal range: 85–95 fL). Neutropenia normalised over several months. Vitamin B12 and methylmalonic acid levels returned to normal a few days after starting treatment. The replacement therapy was quickly switched to the oral route, with a total duration of four months.
The etiological workup performed in the mother revealed no anaemia or macrocytosis. However, vitamin B12 levels were decreased at 110 pg/mL (normal range: 200–900 pg/mL), and homocysteine levels were elevated at 48.3 µmol/L (normal < 15 µmol/L), confirming maternal vitamin B12 deficiency. Testing for ANCA and anti-intrinsic factor antibodies was negative.
Testing for anti-parietal cell antibodies was negative. Gastric biopsy revealed lesions consistent with atrophic fundic interstitial gastritis. Helicobacter pylori testing was positive.
3. Discussion
Vitamin B12 is obtained exclusively from animal-derived foods, except in newborns, where stores are derived solely from placental transfer. During the antenatal period, vitamin B12 is actively transferred to the fetus through the placenta. An infant of a vitamin B12-replete mother has hepatic stores of 25 mg of vitamin B12 at birth and obtains 0.25 mg/d from breast milk, if exclusively breastfed. Vitamin B12 deficiency in children is primarily results from insufficient nutritional intake, with rarer causes including congenital transcobalamin deficiencies, defects in enzymes responsible for cellular cobalamin metabolism, or Imerslund-Gräsbeck syndrome. This condition particularly impacts developing and resource-limited nations [5,6]. Infants born to vitamin B12-deficient mothers exhibit markedly diminished hepatic cobalamin reserves at birth, which correlates with reduced vitamin B12 content in maternal breast milk [7]. The risk of maternal vitamin B12 deficiency follows a hierarchical pattern, with strict vegans at the highest risk, lacto-ovo vegetarians at moderate risk, and omnivores at the lowest risk [8]. At the molecular level, vitamin B12 orchestrates a sophisticated network of metabolic reactions that underpin cellular health. The vitamin's primary biological significance lies in its role as an essential cofactor for two distinct enzymatic pathways that maintain metabolic homeostasis [9]. The first pathway involves methionine synthase, an enzyme that catalyses the remethylation of homocysteine to produce methionine, a critical amino acid required for protein synthesis and methylation reactions [10]. Simultaneously, B12 enables methylmalonyl-CoA mutase to facilitate the conversion of methylmalonyl-CoA to succinyl-CoA, a key step in the citric acid cycle and propionate metabolism [11]. The disruption of these B12-dependent reactions creates a cascade of metabolic dysfunction. Without adequate B12 availability, homocysteine accumulates in circulation while methylmalonic acid is overproduced and subsequently eliminated through urinary excretion [12]. This biochemical signature serves as a diagnostic fingerprint of functional B12 deficiency.
Paradoxically, while these metabolic perturbations are well-characterised, the mechanisms by which B12 deficiency manifests as neurological dysfunction remain enigmatic [12]. This knowledge gap represents one of the most intriguing aspects of B12 pathophysiology, suggesting that additional, yet-to-be-discovered pathways may contribute to the neurological manifestations. Beyond these primary functions, B12 also supports DNA synthesis and facilitates the complex metabolism of fatty acids and amino acids [13].
Our observation of an 8-month-old infant perfectly illustrates the pathophysiology of this condition: after depletion of neonatal reserves around 4-6 months[14], insufficient supply via deficient maternal milk triggers a cascade of metabolic dysfunctions (elevation of homocysteine and methylmalonic acid)[15,16], followed by progressive appearance of characteristic clinical manifestations including axial hypotonia, psychomotor regression, loss of social interactions, macrocytic anemia, and neutropenia [17]. The maternal aetiology, here atrophic gastritis with Helicobacter pylori infection, emphasises the importance of maternal screening even in the absence of maternal symptoms. Diagnosis relies on the clinical-biological triad combining neurological signs, macrocytic anaemia (MCV >100 fL)[18], and collapse of serum B12 (<200 pg/mL), requiring urgent parenteral treatment (hydroxocobalamin 1 mg three times weekly) to prevent definitive neurological sequelae. The therapeutic response is rapidly favourable with reticulocyte crisis in 3-7 days and haematological normalisation in 4-8 weeks, but neurological prognosis depends closely on diagnostic precocity [19]. 
This pathology, although rare, demands particular vigilance from healthcare professionals when facing any breastfed infant presenting with hypotonia, developmental regression, or macrocytic anemia, especially as incidence tends to increase with the growing popularity of vegetarian diets among women of childbearing age, making preventive supplementation and systematic screening of at-risk populations essential [20], Recent studies have demonstrated the effectiveness of newborn screening programs in identifying vitamin B12 deficiency before clinical manifestations appear (21). These programs have shown that early detection and treatment can prevent the severe neurological consequences associated with delayed diagnosis (22).
4. Conclusion 
Vitamin B12 is an essential micronutrient that plays a crucial role in DNA synthesis, hematopoiesis, and neurodevelopment, particularly during infancy. As highlighted by Allen, O’Leary, and Dror, vitamin B12 deficiency remains a significant global health concern, especially among populations with limited access to animal-source foods or in individuals with malabsorptive conditions. Infants are particularly vulnerable due to their rapid growth and exclusive dependence on maternal B12 stores and breast milk during early life. Maternal deficiency, whether from dietary restriction or gastrointestinal pathology, can lead to profound and sometimes irreversible neurological consequences in infants if not promptly recognised and treated. Given the high prevalence and potential severity of this deficiency, routine screening of at-risk populations, maternal supplementation during pregnancy and lactation, and public health strategies such as food fortification should be prioritised to prevent the long-term consequences of B12 deficiency on child development.
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