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Abstract
The elderly are more prone to mortality from COVID-19 infection, as they are susceptible to develop 
acute respiratory distress syndrome (ARDS). For COVID-19 patients with ARDS caused by sepsis or septic 
shock, high-dose parenteral vitamin B12 appears to be a potential new treatment option. Vitamin B12 
may play a substantial impact in COVID-19 morbidity and mortality reduction owing to its function in 
DNA synthesis, cellular control, improvement of anti-inflammatory immune responses, and decrease of 
pro-inflammatory responses. This review aims to assess the functional role of Vitamin B12 in COVID-19 
in terms of its immunomodulatory effect, role in cellular and humoral immunity and maintaining the 
gut microbe homeostasis. From data inception to June 2021, accessible electronic databases were 
searched for research/review articles reporting on the function of Vitamin B12 in COVID-19. Scopus, 
Web of Science, PubMed, WHO worldwide research on COVID-19 and the clinical trials registration 
“https://clinicaltrials.gov/” were used to conduct the systematic search by using keywords: “COVID-19 
and “Vitamin B12”. Also, based on these outcomes, it can be concluded that Vitamin B12 may have a 
potential role in preventing COVID-19 complications. Further, studies evaluating the role of Vitamin 
B12 in COVID-19 may open a new array of ideas on the optimal and the well-tolerated dose and timing 
of its administration in COVID-19 patients.
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INTRODUCTION
 SARS-CoV-2 is a virus with a positive-
sense single-stranded RNA genome that is the 
causative agent of COVID -19, which was initially 
detected in Wuhan, China in 2019 and has since 
caused countless deaths and economic losses all 
over the world.1 As of August 2021, the number 
of active cases of COVID-19 in India was 1.21%2 
showing a significant increase in the number of 
new cases in many states of India, raising the 
possibility of a third wave of COVID-19, following 
the end of a devastating second wave of COVID-19. 
The COVID-19 pandemic has a particularly negative 
impact on the elderly and people with type 2 
diabetes, imposing greater inpatient treatment 
and a higher death rate.3,4 COVID-19 problems 
in the elderly and diabetics are mostly caused 
by reduced glucose tolerance, aberrant T-cell 
responses, underlying comorbidities linked to 
low-grade inflammation, and viral entry factors.5 
Mutations has been occurred in the SARS CoV-2 
virus throughout time. The presently available 
SARS CoV-2 vaccine offers some protection 
against new versions. COVID-19, however, needs a 
continual concern due to mutations, the possibility 

of recurrent infection, infectivity, and a wide 
variety of clinical manifestations, particularly 
among the elderly and diabetic patients, who 
are predominantly vulnerable.6 To determine 
the impact of diet on COVID-19, more than 40 
research studies have been reported. The majority 
of them have focused on COVID-19 and the effects 
of vitamin D, vitamin C, and the mineral zinc.7 
However, there is currently no clear evidence on 
the effects of vitamin B12 deficiency. This narrative 
review summarizes the current knowledge about 
the structure, kinetics and functions of vitamin 
B12. It also describes the mechanistic reason 
behind the possible protective effect of Vitamin 
B12 in COVID-19 complications and the evidence 
with regard to vitamin B12 supplementation. It’s 
extremely similar to how COVID-19 causes harm: 
immunologically, microbiologically, hematological, 
and through endothelial cell signaling—supporting 
the theory that B12 deficiency is a possible 
COVID-19 risk factor.
Structure and Kinetics of Vitamin B12
 Vitamin B12 (Cobalamin) is a complex 
organometallic compound with a centrally placed 
cobalt atom (Fig. 1). Vitamin B12 has four pyrrole 
rings that are comparable to porphyrin. At the 
center of the corrin nucleus, the four nitrogens 
of the tetrapyrole structure are bound to a cobalt 
atom. The cobalt-corrin complex is known as 
cobamide.
 Four of the six coordination sites are 
provided by corrin ring and benzimidazole 
provides the fifth group. The sixth coordination 
site is provided by a cyano group (–CN), a 
hydroxyl group (–OH), a methyl group (–CH3) or a 
5′-deoxyadenosyl group. It is synthesised only by 
microbial synthesis of the digestive tract. 
 Absorption of vitamin B12 occurs in 
the terminal ileum with the help of two binding 
proteins. The gastric parietal cells produce the 
intrinsic factor of castle (IF), a glycoprotein. 
Cobalophilin, a salivary protein, also plays an 
important role in absorption of vitamin B12. 
Vitamin B12 is released from dietary protein 
via pepsin, which then binds to a protein called 
cobalophilin. Trypsin from pancreatic juice 
hydrolyzes the cobalophilin, releasing the vitamin, 
which then attaches to the castle's intrinsic factor. 
Two molecules of vitamin B12 can bind to one 
molecule of intrinsic factor. The IF-B12 complex 

Fig. 1. Structure of vitamin B12, retrieved from 
PubChem Compound Database, National Center for 
Biotechnology.8
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binds to particular receptors on mucosal cells.9 
Vitamin B12 absorption declines as people age. As 
a result, deficiency is prevalent among the elderly, 
those who have had a gastrectomy, ileal resection, 
and malabsorption disorders. Vitamin B12's active 
coenzyme forms, methyl cobalamin and adenosyl 
cobalamin, influence its activity.10

Functions of Vitamin B12
 Hydroxo-,  adenosyl-,  and methyl 
cobalamin are the active forms of vitamin B12. 
Vitamin B12 is a gut microbiota modulator, and 
low levels of B12 raise methyl malonic acid and 
homocysteine, leading to increased inflammation, 
reactive oxygen species, and oxidative stress.11 
Vitamin B12 has recently been discovered to have 
an important part in the regular functioning of 
the brain and neurological system, as well as the 
production of blood. Vitamin B12 is required for 
a variety of metabolic processes, including DNA 
synthesis and control, fatty acid synthesis, and 
energy generation.12 
 The active form of vitamin B12, methyl 
cobalamin, aids in the production of methionine 
and S-adenosyl methionine. Myelin integrity, 
neurological function, synthesis of red blood cell 
and DNA synthesis are all dependent on it. Vitamin 
B12 deficiency is most common in vegetarians 
across the world, and it may be treated with Methyl 
cobalamin, a vitamin B12 analogue.13 Methyl 
cobalamin serves as a coenzyme in the transfer 
of methyl group from N5 methyl tetrahydrofolate 
to homocysteine for the formation of methionine 
(Fig. 2).
 Adenosyl cobalamin, also known as 
coenzyme-B12, is another biologically active 
form of vitamin B12.14 The cofactor's role as an 
initiator of the reactive free radicals required for 
these reactions is well understood. How these 

enzymes drive the coenzyme towards hemolysis 
and regulate the radicals that are produced is 
less known. Enzymes have evolved a variety of 
methods for producing reactive radical species that 
may be utilised to activate C–H bonds. It's worth 
noting the strong molecular similarities between 
AdoCbl-dependent enzymes and the considerably 
broader family of radical S-adenosyl methionine 
(SAM) enzymes, which was recently discovered 
(Fig. 3).15 Several adenosyl cobalamin enzymes 
have been computationally modelled in some 
detail made to the availability of high-resolution 
X-ray structures paired with comprehensive kinetic 
and spectroscopic studies. Computer models 
have typically agreed well with experimental data 
and have revealed new information about the 
processes behind these unexpected reactions.15 
 Nutrition plays a major role in providing 
immunity against COVID -19 infection which may 
be responsible for the differences in the severity 
of COVID -19 infection seen in different parts of 
Europe.16 Countries who have reported a lower 
death rate largely consumed diet that is rich in anti-
angiotensin converting enzyme activity (anti-ACE) 
and antioxidant activity, for example, cabbage.17-19 
Nutrition plays a very important role during 
COVID-19 pandemic and its significance is to be 
better understood. Therefore, this review aims 
to assess the role of Vitamin B12 as a potential 
modifiable risk factor in COVID-19. 
Brief Literature Search
 This narrative review highlights a brief 
non-systematic methodology to include the 

Fig. 2. Role of Methyl Cobalamin Fig. 3. Role of Adenosyl Cobalamin.
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selected articles for discussion. To evaluate 
the current knowledge and understanding of 
relationship between Vitamin B12 and COVID-19, 
an online literature search on Scopus, Web 
of science, Pubmed, WHO global research on 
COVID-19 and the clinical trials register “https://
clinicaltrials.gov/” data bases was done from data 
inception to June 2021 using the following MeSH 
terms (Corona virus disease 2019 or COVID-19), 
SARS- CoV-2, Vitamin B12 and Vitamin B12 
deficiency. Only published original and review 
articles in English were included. Articles which 
included paediatric age and pregnant women were 
excluded.
 The experimental area, methodology 
adopted and outcome of the studies which 
assessed Vitamin B12 levels in COVID-19 patients 
are illustrated in Table 1. 
Role of Vitamin B12 In Mediating The Inflammatory 
Response
 Vitamin B12 enhances the number of 
lymphocytes including CD8+ cells and natural 
killer cells thus playing a pivotal role in mediating 
immune function, mainly on cytotoxic cells. It 
prevents apoptosis of CD 8+ cells.22 Invitro studies 
have shown that vitamin B12 was involved in 
concanavalin a dependent T-cell production and 
pokeweed mitogen dependent immunoglobulin 
synthesis in B cells.23 Vitamin B12 decreases 
peroxide induced oxidative stress, maintains 
intracellular glutathione levels and inhibits caspase 
3 mediated cell death (Fig. 4).24 
 Vitamin B12 deficiency results in increase 
in the levels of tumor necrosis factor- alpha 
(TNF-α) and decrease in the levels of epidermal 
growth factor (EGF), which can be reversible by 
treatment with adequate amount of vitamin B12. 
These features suggest that vitamin B12 alters 
the function of cytokines and growth factors by 
modifying the activity of signaling molecules 
like NF-κB.25 Production of proinflammatory 
cytokines IL-6 and controlling NF-KB activation and 
progressively decreasing its levels is mediated by 
methyl cobalamin. GSH sparing action of vitamin 
B12, in turn promotes its conversion to GSSG thus 
generating the necessary hydrogen selenide for 
the production of antioxidant enzyme glutathione 
peroxidase (Fig. 5). It also mediates optimal 
phagocytic function.26 Cobalamins decrease 
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nitric oxide synthase (NOS) function and thus 
formation of nitric oxide (NO). Inhibition of NOS 
function is brought about by close approximation 
of cobalamin to nitric oxide synthase heme in 
active site. Larger the active site pocket more is 
its ability to inhibit NOS.27 Optimal amount of 
vitamin B12 is very important in maintaining host 
immunocompetence.
Vitamin B12 Deficiency and One Carbon 
Metabolism
 Vitamin B12 plays a critical role in 
cellular and humoral immunity by mediating 

its action through one carbon metabolism.28 
“Secondary folate deficiency” due to folate trap 
resulting from vitamin B12 deficiency results in 
decreased synthesis of thymidine and purines thus 
affecting the production of DNA and RNA which 
are important for cell division , formation of red 
blood cells and hence immunity.29 Secondary folate 
deficiency leading to methyl folate trap affecting 
DNA and RNA synthesis will lead to alterations 
in the immunoglobulin secretion leading to 
decreased humoral immunity.30

Fig. 4. Summary of Role of Vitamin B12 in Immunomodulation.

Fig. 5. Role of Vitamin B12 in Ameliorating COVID-19 Complications.
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Relationship between Vitamin B12 Deficiency and 
Gut Microbiome
 Gut microbes require vitamin B12 for 
their metabolism and they compete with dietary 
cobalamin. Deficiency of vitamin B12 affects the 
microbe balance in the gut (gut dysbiosis). A leaky 
gut can lead to increase in the growth of bacteria 
and release of its toxins to the blood stream thus 
increasing proinflammatory cytokines.31 Zuo T 
et al. in his study showed that alterations in gut 
microbiome correlated with disease severity in 
Covid-19 patients.32 Vitamin B12 metabolism 
may be impaired by SARS Co-V infection, possibly 
impairing the microbial proliferation in the gut 
causing symptoms of vitamin B12 deficiency. 
There is an overlap among symptoms of vitamin 
B12 deficiency and SARS-CoV such as, increased 
reactive oxygen species induced organ damage, 
elevated homocysteine and lactate dehydrogenase 
concentration, activation of the coagulation 
cascade and vasculopathies.33,34

Obesity and Vitamin B12
 Covid - 19 complications is more common 
in obesity.35 It is inversely associated with vitamin 
B1236 and folic acid levels37 and directly associated 
with homocysteine levels.38

Role of Hyperhomocysteinemia Mediated By 
Vitamin B12 Deficiency
 Vitamin B12 deficiency results in 
increased homocysteine levels which is shown 
to be proinflammatory. It mediates inflammatory 
transcriptional signalling in monocytes identical to 
that of interferon gamma.39 A study conducted by 
Yang Z et al. showed that hyperhomocysteinemia 
was associated with increased pulmonary 
progression on CT scan imaging.40

Angiotensin Converting Enzyme - 2 and COVID-19
 Recently  angiotensin convert ing 
enzyme 2 (ACE-2) has been identified as an 
important receptor for SARS-CoV in cell line.41 
Identification of ACE-2 as a receptor for SARS 
-CoV has provided an important link between 
immunity and inflammation. Due to differences 
in many important amino acid of SARS-CoV 
receptor binding domain, SARS Cov-2 has a higher 
binding affinity to human ACE 2 receptor which 
is responsible for the increased pathogenecity 
of SARS -Co V 2 virus.42 Homocysteine is known 
to bind to the angiotensin 1 receptor (AT1R) 
and thus activating its downstream deleterious 

consequences. It binds with very high affinity to 
angiotensin 1 receptor and displaces angiotensin 
II from the receptor.43,44 Nsp-14 protein of SARS-
CoV 2 virus is a viral methyl transferase (specially 
guanidine N-7 methyl transferase).45,46 S- adenosyl 
methionine of the host is used by this enzyme 
for methylation of mRNA caps, resulting in 
synthesis of homocysteine more than that from 
human methyltransferase enzyme - which is 
more pronounced in vitamin B12 deficiency.47-49 
SARS CoV-2 disturbs the coordination between 
remethylation and transsulfuration reaction 
through S-adenosyl methionine (SAM),50,51 SAM 
inhibits 5, 10-methylene, THF reductase (MTHFR) 
and activates cystathionine beta synthase (CBS), 
this reaction affords a mechanism by which re-
methylation and transsulfuration are coordinated. 
This co-ordination is disturbed by SARS Co-V 2 
mediated enhanced methylation demands which 
leads to reduction in the concentration of S- 
adenosyl methionine, decreased cysatathione beta 
synthase activity and deviation of homocysteine 
from synthesis of reduced GSH which is a 
potential intracellular antioxidant. Thus, methyl 
tetrahydrofolate reductase activity (MTHFR 
activity) and methylation reaction via folic acid and 
vitamin B12 will be prioritised when compared to 
transsulfuration and reduced glutathione synthesis 
during SARS CoV-2 infection. COVID-19 poses an 
enormous stress on one carbon metabolism by 
increasing the demand but impairing the synthesis 
of methyl groups.52

Vitamin B12 Deficiency in Elderly and Diabetics 
 Vitamin B12 deficiency is common in 
old age which is mainly attributed to decreased 
absorption of vitamin B12 (pernicious anaemia, 
atrophic gastrit is) ,53 malnutrit ion, strict 
vegeterians54 or due to increased urinary and 
gut loss of vitamin B1255 or through age-related 
defects in the megalin-cubulin-amnionless 
complex of receptors which play a pivotal role in 
absorption of vitamin B12.56,57

 Diabetics are prone to develop vitamin 
B12 deficiency, since drug “metformin” which is 
widely used in the treatment of type 2 diabetes58,59 

has been documented to produce vitamin B12 
deficiency.60,61 Metformin produces disruption of 
calcium mediated vitamin B12 absorption thus 
predisposing to develop vitamin B12 deficiency.62 

India is known as the diabetes capital of the world.63 
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Owing to the increased number of diabetics in 
India, these patients are more likely to require 
expensive intensive care facilities, longer duration 
of hospitalization and increased mortality rates 
due to COVID-19. Therefore, early diagnosis of 
vitamin B12 deficiency is of utmost importance 
especially in these vulnerable groups.
Diagnosis of Vitamin B12
 Total  serum vitamin B-12,  holo-
transcobalamin (holo TC), methyl malonic acid 
and homocysteine levels are assesed for reliable 
evaluation of vitamin B12 status.64 Homocysteine 
levels can be increased in folate deficiency too, 
determination of plasma folate may help to 
differentiate between folate and vitamin B12 
deficiency.62,63 Determination of S- adenosyl 
methionine and S- adenosyl homocysteine ratio 
also can be determined to assess the vitamin B12 
status.65

Treatment of vitamin B12 
 If diagnosed treatment should be 
initiated to restore the adequate vitamin B12 
levels. Vitamin B12 and folate in combination with 
glutathione forms the mainstay to treat vitamin 
B12 deficiency.66

 This review’s limitation is the presence 
of few clinical studies on the potential role of 
vitamin B12 on COVID-19. More in vivo clinical 
studies would enhance the evidence and could 
further validate the potential role of vitamin B12 
in COVID-19.

CONCLUSION
 Vitamin B12's antioxidant and anti-
inflammatory properties may help to prevent 
multiorgan dysfunction and therefore COVID-19 
complications from progressing. Vitamin B12 
insufficiency must be treated aggressively, 
particularly in the elderly and diabetics. Prevention 
of nutritional deficiencies, identification of high-
risk individuals of suboptimal nutritional status and 
implementation of safe and effective nutritional 
guidelines may help in strengthening the ability of 
the individuals to combat COVID-19 especially in 
developing countries like India. Further research 
into the role of Vitamin B12 in COVID-19 patients 
may yield new insights into the most effective and 
well-tolerated dose and timing of Vitamin B12 
delivery in COVID-19 patients.
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