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Abstract


Elevated levels of vitamin B12 (B12 hypervitaminemia) greater than 1000 pg/mL can be toxic and may serve as a marker for conditions such as cancer, autoimmune inflammatory diseases, or renal or hepatic failure. B12 hypervitaminemia, a complex generated by the binding of monomeric vitamin B12 and existing immunoglobulins in serum, can be detected in most available immunoassays. The purpose of this work was twofold: firstly, to evaluate a technique such as polyethylene glycol (PEG) precipitation in samples, before vitamin B12 determination, to prove that not all cases of B12 hypervitaminemia are related to oncological pathologies or serious diseases, and secondly, to address the patient’s condition. Materials and methods: Serum samples were collected from the patient and pre-treated with PEG. Baseline vitamin B12 levels and vitamin B12 levels in the supernatant following PEG precipitation were detected by chemiluminescence. Results: Ten samples were analysed in two different laboratories, classified as public and private; in all cases, vitamin B12 levels were above 1000 pg/mL, with a mean of 2550 pg/mL (1738–3899 pg/mL). PEG precipitation resulted in an 84.25% reduction in vitamin B12 levels. Conclusions: In cases of B12 hypervitaminemia in which there is no correlation between patient clinical symptoms and detected vitamin B12 levels, the PEG immunoprecipitation test before vitamin B12 determination is a simple and low-cost laboratory technique that can be routinely used in clinical practice to determine actual vitamin B12 levels. The technique would spare patients unnecessary complementary tests and inappropriate treatments.
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1. Introduction


Vitamin B12 or cobalamin (C63H88CoN14O14P) (Figure 1) is a molecule that is part of the eight components that make up the vitamin B complexes. Its main functions include protein metabolism, red blood cell genesis, and ensuring proper functioning of the CNS, such as neurodevelopment [1,2]. Deficiency would alter these procedures, leading to symptoms such as anaemia, mood swings, memory problems, fatigue, and muscle weakness [3]. Although it is an essential molecule, our organism cannot synthesise it; it is synthesised exclusively by bacteria, and our bodies obtain it orally from food, especially from animal products such as red meat, fish, milk, and eggs [4]. Vitamin B12 metabolism begins with adequate absorption by the digestive tract, consisting of a series of steps: (a) Vitamin B12 is released from food by chemical and mechanical digestion in the mouth through the action of saliva and chewing. (b) Once it reaches the stomach, vitamin B12 is dissociated from the carrier protein by the action of gastric and pancreatic juices. It then binds to Castle’s intrinsic factor (IF), which is secreted by gastric parietal cells. (c) The IF + vitamin B12 complex is transported to the terminal ileum, where it is absorbed [1,5]. (d) From here, it passes into the bloodstream thanks to transcobalamin (TCB) types I, II, III, and haptocorrin (HC) proteins [6]. TCB I and III are proteins that bind to vitamin B12 but are unable to transport it, whereas TCB II transports and facilitates the liver and tissue uptake of vitamin B12 [7]. The union of TCB II and vitamin B12 forms the holotranscobalamin (holo-TBC), or a biologically active fraction used for cellular DNA synthesis [8]. Some authors consider holo-TBC to be the most sensitive and specific biomarker for the determination of vitamin B12 deficiency or excess compared to the measurement of total vitamin B12 levels [9,10]. (e) Vitamin B12 is stored in the liver (1–10 mg) by endothelial cells and hepatocytes that possess receptors for TCB II. (f) From the liver, it is distributed to peripheral tissues where it acts as coenzymes (methylcobalamin and deoxyadenosylcobalamin). (g) Vitamin B12 is excreted by the biliary tract and faeces, and a small fraction is eliminated by the kidney, in the urine due to its water-soluble property [4].



The daily requirement for vitamin B12 is set at 3–7 μg/d, which allows for adequate plasma levels of vitamin B12 of 400 pg/mL [11,12].



Much has been studied about vitamin B12 deficiencies and their clinical consequences [3]. However, very little is known about cases of B12 hypervitaminemia, its causes, and treatment, although cases of hypervitaminemia are also common in the clinic, and we found 7–18% of patients had elevated vitamin B12 levels [12,13,14,15]. Elevated serum concentrations of vitamin B12 have been linked to solid tumours of the digestive tract, such as colon, liver, or pancreatic cancer [16,17,18]. These elevations are an early tumour marker; thus, the higher the levels of vitamin B12, the worse the prognosis [19,20,21]. They have also been linked to immunological diseases, such as autoinflammatory/autoimmune diseases [22] or chronic myeloproliferative syndromes, considering that transcobalamin I and III are synthesised by neutrophil granulocytes [7,23]. Therefore, high levels of vitamin B12 may result from an excess in its synthesis by the tumour or an increase in transcobalamin secondary to hyperleukocytosis [24]. Occasionally, elevated vitamin B12 levels and functional vitamin B12 deficiency may co-occur with clinical manifestations of deficiency despite elevated B12 levels in blood tests [25]. This functional deficit is associated with qualitative abnormalities related to vitamin B12 uptake and tissue processing. In these cases, the determination of homocysteine and methylmalonic acid, two components of the vitamin B12 metabolic pathway, may be the key in the evaluation of this functional deficiency [12].



The literature reports that 25% of B12 hypervitaminemia is of unknown aetiology, and patients are assumed to have idiopathic B12 hypervitaminemia. Thus, while the detection of B12 hypovitaminemia has therapeutic implications, the interpretation of B12 hypervitaminemia in subjects without other symptomatology can be difficult; in most cases, there are incidental findings, where patients do not show any accompanying pathology [26,27].



The aim of this work is to find new laboratory techniques, in addition to those usually used for the determination of vitamin B12, that will allow us to know whether we are dealing with a real case of B12 hypervitaminemia or whether it is an artefact, spurious, or pseudohypervitaminemia.




2. Detailed Case Description


2.1. Collection of Patient Samples


The patient was selected for the study because she had an elevated vitamin B12 level at routine screening (B12 > 2000 pg/mL). Elevations were tested in two different hospital laboratories, public and private, corroborating the results. The study was extended from 2020 to 2025. All samples were extracted and processed under the same conditions of pH, temperature, and ionic strength. They were collected by puncture on the anterior aspect of the elbow flexure in a tube without anticoagulant. Serum was separated from blood cells by centrifugation for 10 min at 2000 rpm. The samples were analysed on the day of extraction. Informed consent was obtained from the patient for sample collection and distribution to other laboratories for analysis.




2.2. Polyethylene Glycol Precipitation Method (PEG)


In view of the suspicion of the formation of immune complexes by binding vitamin B12 to circulating immunoglobulins such as IgM, IgG, and IgA (Igs-B12), it was decided to subject the sample to immunoprecipitation with PEG.



Prepare 25 g of PEG 6000, from the Merck trading company, dissolved in 60 mL of distilled water at room temperature (18–25 °C) and vortex mix, with volume fulfilled until 100 mL of solution [28,29]. To precipitate immunoglobulins from serum, we added 250 microlitres of the 25% PEG solution to an equal volume of the patient’s serum (1:1 dilution). A control sample was generated with 250 microlitres of the patient’s serum plus 250 microlitres of distilled water without PEG. It was mixed and incubated at room temperature for 10 min to stabilise and then centrifuged for 30 min at 2000 rpm. Vitamin B12 determinations were performed by chemiluminescence in unmodified samples, i.e., initial-vit B12 (pre-PEG), and modified or supernatant-vit B12 (post-PEG). Vit B12 levels in the PEG-treated samples decreased below the normal limits established by the laboratory. The treated samples relative to the control showed a decrease compatible with the 1:1 dilution.





3. Results


Ten samples were analysed in two different laboratories, classified as public and private. In all cases, vitamin B12 levels were greater than 1000 pg/mL, with a mean of 2550 pg/mL (1738–3899 pg/mL). Precipitation with PEG produced a reduction in vitamin B12 values of 84.25%, shown in Table 1 and Figure 2.



Case History


A 66-year-old female patient was consulted for B12 hypervitaminemia and diagnosed in a routine blood test, with no other accompanying symptoms. Her personal history includes familial hypercholesterolaemia treated with simvastatin 20 mg for over 30 years; she underwent surgery in 2010 for a pretumoural lesion in the super-external quadrant of the left breast (pathological anatomy: columnar changes without atypia), with annual check-ups (medical examination, mammography and ultrasound scan), without recurrence or any other relevant evaluations. The patient refers to taking 5 mg of melatonin at night to help them fall asleep. The patient has healthy lifestyle habits with regular exercise, no alcohol, no smoking, and a Mediterranean diet. She reports not taking any dietary supplements or external vitamin supplements containing vitamin B12. Since 2020, the date of her first discovery of elevated vitamin B12 levels as a chance finding, the patient has maintained elevated vitamin B12 levels until Sept 2025 (Vit B12: 3500, range 191–663 pg/mL). Vitamin B12 levels were tested in two different hospital laboratories with successive extractions using chemiluminescent immunoassay techniques, all of which confirmed the results (Table 1 and Figure 2). In many laboratories, vitamin B12 values above the upper range established by the assay are reported as >2000 pg/mL, and samples are diluted only when the clinician calls the laboratory and asks for it. Therefore, very high vitamin B12 values may remain undisclosed.



Physical examination of the patient was normal. The haematologic and biochemical tests did not show any symptoms of interest except elevated vitamin B12 levels, so a diagnostic protocol was initiated (Figure 3). All tumour markers tested were negative: CEA, alpha fetoprotein, CA125, CA 15.3, and CA 19.9. Antinuclear, antimitochondrial, and antineutrophil antibodies were negative. Antithyroid antibodies—antithyroglobulin TG and antithyroid peroxidase TPO—were positive in a euthyroid thyroid, compatible with Hashimoto’s thyroiditis, without symptoms for the patient.



After consulting various clinical specialists, such as internal medicine, endocrinology, and oncology, without obtaining a plausible explanation of the reason or cause of B12 hypervitaminemia, a CT scan of the head, neck, face, chest, and abdomen, as well as mammograms, ultrasound, and magnetic resonance imaging, was requested. No findings of interest were found in any case, which is why the patient decided not to undergo further tests and to remain expectant with a diet low in vitamin B12 and two annual reviews of the vitamin B12 test.



In February 2023, after continuing to have elevated vitamin B12 values, a specialist in clinical analysis, and coauthor of this article, at the SAS public laboratory, decided to submit the patient’s blood sample to immunoprecipitation with polyethylene glycol and to re-analyse the vitamin B12 levels. The values obtained were 131 pg/mL, below the laboratory’s range. Three months later, vitamin B12 levels were redetermined and precipitated with PEG in a different private laboratory with values of 2234 and 220 pg/mL, respectively, and the result was confirmed by gel filtration chromatography. In addition, to rule out a possible functional vitamin B12 deficiency, with elevated cobalamin levels, homocysteine values, a metabolite of vitamin B12, were determined and found to be within the normal laboratory range of 1.06 mg/L (range 0.686–2.08 mg/L).



In May 2024 and September 2025, when the patient continued with her normal life and a Mediterranean diet, including foods rich in vitamin B12, vitamin B12 levels were elevated at 3200 and 3500 pg/mL, and the same samples precipitated with PEG showed values of 538 and 718 pg/mL, respectively, consistent with normal and near-normal serum levels of this vitamin in the patient’s serum (Table 1).





4. Discussion


B12 Hypervitaminemia (high serum vitamin B12 levels) is a common and often underestimated laboratory abnormality and is considered diagnostically and clinically irrelevant [25]. However, many studies in the literature link B12 hypervitaminemia with serious diseases such as solid tumours (gastrointestinal: colon, liver, pancreas; breast or lung) [12,15,19,30], autoimmune diseases, myeloproliferative syndromes, and liver or kidney failure, among others [4,12,15,31,32]; it is even considered a predictor of mortality in the elderly [33,34,35], and in certain situations, high levels of vitamin B12 behave or act as an acute phase reactant, especially in infectious, immune, or liver diseases [36]. This is why their systematic identification is key to the prognosis of the underlying disease.



The pilot case in this study showed persistent vitamin B12 levels despite not having received any external vitamin B12 treatment or food supplementation. There was also no evidence of tumour pathology or visceral failure that could explain the measured vitamin B12 concentrations.



In some patients, serum vitamin B12 binds to circulating antibodies that form macrocomplexes or immune complexes (8% of cases) [37,38]. These can lead to false diagnoses due to errors in the laboratory measurement procedure. The failure of the immunoassay to detect actual vitamin B12 levels has been attributed to interference with the presence in human serum of (a) intrinsic factor-blocking antibodies [39]; (b) heterophile antibodies [40]; (c) elevated levels of haptocorrin [41]; and (d) IgM—IgG—IgA vitamin B12 immune complexes (Igs-B12) [42,43].



In the laboratory of our university hospital, tests to determine vitamin B12 levels are conducted with automatic chemiluminescence analysers using the commercial Elecsys Vitamin B12 II test. However, this method is inaccurate when the patient carries in serum antibodies of different isotypes that form immune complexes with vitamin B12. It may give elevated levels of vitamin B12 that do not correspond to the actual status. Commercial companies, aware of the problem, indicate in their brochures the possibility of precipitating antibodies in the serum before the detection of vitamin B12, such as the procedure followed for the determination of prolactin by precipitation with polyethylene glycol [44]. Specifically, this is followed in cases where there is a discrepancy between the patient’s clinical symptoms and the elevated levels of vitamin B12 detected in serum samples.



Not all authors agree with this technique for the identification of Igs-B12. Fedosov, S.N. [38], in a critical review from 2024, considers PEG precipitation to be a non-specific methodology that removes unwanted antibodies from binding to vit B12 and may vary depending on the conditions of the sample (pH, temperature, and ionic strength). The percentage of vit B12 precipitated with PEG can then vary depending on the conditions chosen. Fahie-Wilson M 2008 [45] recommends using PEG precipitation in the case of Igs-B12 as a first step with great caution and performing other screening methods and confirmatory techniques. Seco-Moro MN et al. 2025 [46] recommend a more accurate technique with the ability to separate immune complex Igs-B12 from free vitamin B12 by size-exclusion fractionation columns of chromatography. These columns are based on centrifugal filtration through a Sephadex G-100 cross-linked dextran resin. Although it is a more laborious and expensive technique, not every hospital has a high-performance liquid chromatography machine [27].



Polyethylene glycol is a polymer consisting of several repeating units, most notably ethylene oxide. It can precipitate macromolecules and purify their components. In our case of B12 hypervitaminemia, PEG causes immunoglobulin precipitation, leaving vitamin B12 free in solution and thus allowing the actual value of vitamin B12 to be measured.



In 2023, the patient in question, who has low levels of vitamin B12 after precipitation with PEG (Table 1), continues to be studied because we do not know whether these decreased levels may be due to the restrictive vitamin B12 diet she has been following or if the patient has pernicious anaemia; another possible explanation is that the patient had a marginal B12 status unmasked by PEG, although she remains asymptomatic and without other symptoms of interest. In 2024, the patient had reestablished her diet with a Mediterranean diet and all types of food, including those rich in vitamin B12. We were able to verify that serum vitamin B12 levels, after prior precipitation with polyethylene glycol (Table 1), were normal at 538 pg/mL within the laboratory range of 191–663 pg/mL. Of particular importance is the connection and fluid contact between clinicians and laboratory analysts, especially in cases where it is shown that patients do not take vitamin B12 from outside, and there is no correlation between the clinical symptomatology of the patients and vitamin B12 levels. B12 Hypervitaminemia can be a frequent cause of misdiagnosis and mistreatment in patients. This problem could be avoided if laboratories applied a protocol with a screening test, such as the PEG test, to all samples with hypervitaminosis B12, reporting the actual concentrations of vitamin B12 in the patient’s serum. This protocol would contribute to a clearer diagnosis by avoiding unnecessary imaging tests and treatments. However, further studies are needed to determine the best diagnostic and therapeutic options for patients with these unusual characteristics.




5. Conclusions


This work provides evidence, in agreement with other works [47], of a case in which elevated serum vitamin B12 concentrations do not always correspond to the actual vitamin B12 status. Interferences in analytical testing should be suspected when the results of biochemical and clinical investigations are inconsistent, that is, in cases of B12 hypervitaminemia where there is no clear correlation between the patient’s clinical symptoms and the detected vitamin B12 levels. These situations, involving the formation of Igs-B12 immune complexes, should prompt further research and remain in the minds of physicians as another diagnostic possibility. The PEG precipitation technique for the detection of Igs-B12 immune complexes is a useful screening tool in cases of B12 hypervitaminosis where there is a discrepancy between clinical and laboratory findings. However, further large-scale studies are needed to validate the test.




6. Limitations of the Study


Our work has some limitations. First, the PEG immunoprecipitation method for B12 hypervitaminemia has not been validated. However, it has been validated for the actual determination of prolactin in cases of hyperprolactinemia and is routinely used in clinical analysis laboratories. To address this inter-assay validation gap, we are collecting more cases with similar situations, i.e., patients with elevated vitamin B12 levels (>1000 pg/mL) without any accompanying pathology or symptoms. These studies will include the development of B12 hypervitaminemia profiles stratified by gender, age, or accompanying pathology or absence of one. The lack of a control group and the presentation of a single case limit the generalisability of our findings and underscore the need for caution in interpreting the results. To address these shortcomings, future work should follow the recommendations of the ICHQ2 (International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use), which in this specific case would be:




	
Increase the number of cases to be studied.



	
Establish a quality control group.



	
Take measurements on different days and with different equipment.



	
Include cases of both sexes to evaluate possible hormonal differences in vitamin B12 levels.



	
Conduct long-term longitudinal studies to evaluate the effects of B12 hypervitaminosis.



	
Take measurements using different methods
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Figure 1. The chemical structure of vitamin B12 (C63H88CoN14O14P). It is a compound organometallic in which a cobalt atom is situated within a corrin ring. 
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Figure 2. Average annual serum vitamin B12 levels in the reference patient. Between 2023 and 2025, both baseline vitamin B12 levels (long columns in dark brown) and vitamin B12 levels following precipitation with polyethylene glycol (PEG) (short columns in light brown) were analysed using chemiluminescence. 
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Figure 3. Diagnostic protocol to be followed in primary care in cases of vitamin B12 hypervitaminemia. 
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Table 1. Vitamin B12 levels in the index patient’s serum, determined in two different laboratories, as well as before and after PEG precipitation.
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Date

	
Lab

	
Vit B12 pg/mL

	
Vit B12 pg/mL

	
Range pg/mL




	

	

	
Before PEG Precip

	
After PEG Precip

	






	
12/02/2020

	
Public

	
3899

	

	
191–663




	
29/06/2020

	
Private

	
>2000

	

	
221–911




	
02/09/2020

	
Private

	
>2000

	

	
221–911




	
14/05/2021

	
Public

	
1738

	

	
191–663




	
28/12/2021

	
Private

	
1878

	

	
221–911




	
22/04/2022

	
Public

	
1780

	

	
191–663




	
07/02/2023

	
Public

	
2173

	

	
191–663




	
07/02/2023

	
Public

	

	
131

	




	
08/05/2023

	
Private

	
2234

	

	
221–911




	
08/05/2023

	
Private

	

	
220

	




	
11/04/2024

	
Public

	
3200

	

	
191–663




	
11/04/2024

	
Public

	

	
538

	




	
17/09/2025

	
Public

	
3500

	

	
191–663




	
17/09/2025

	
Public

	

	
718
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