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Abstract

A diet rich in vitamin D. Bacteria, antibiotics, and metabolism Vitamin D deficiency viral microbiomes
Gut Microbiome and Vitamin D. B vitamin deficiency results from malabsorption. SIF complex indirectly
enhances B12 absorption. This complex gives the ileum vitamin B12. Anti-infective properties of B12
and D. B12 and D seem to slow Lachnospiraceae growth. P-cresol, butyrate, propionate Lachnospira is
linked to low B12 and D levels. Debatable value. Processed foods do. B12 and D stop Blautia growth. IBD
B12 deficiency IBD vitamin D Lactobacillus was infrequent, whereas E. coli was common. This present
study revealed that IPA, an antioxidant, has been associated with diabetes and Alzheimer's. IPA beats
melatonin. It doesn't appear to stop Alzheimer's or diabetes. Flavonoids and neuroprotective viruses D
and B12 metabolism may involve Blautia. Deficiency of B12 and D in Crohn's. It reduced butyrate
production. Inflammation, atherosclerosis, and immunological maturation may be cured by these
nutrients.
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INTRODUCTION

Vitamin D and B12 are essential nutrients that humans derived from both diet and in the case of vitamin
D sunlight. Besides metabolic processes these vitamins also influence infectious diseases and
microorganisms of various types which is discussed in this review of the literature.

Although not the subject of this review, it should be noted that viral microbiomes are also associated
with lowered vitamin D. For general microbiome developments this review limits itself to studies during
and after 2019 as a systematic review titled “Vitamin D and the gut microbiome: a systematic review
of in vivo studies.” was published in October 2019, which covers the prior general gut microbiome
literature (Waterhouse, Mary, et al.).

Vitamin B12 is one of eight B vitamins, which are only available to humans through diet and as such
malabsorption is a common route to deficiency (Figure 1). The stomach plays an important, although
indirect, role in vitamin B12 absorption, by producing the intrinsic factor complex. Vitamin B12
transitions over the course of digestion from food proteins to the intrinsic factor complex and is
primarily absorbed in the ileum of the small intestine by enterocytes.
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METHODS

PubMed was searched using the following terms:

Query = "vitamin b 12"[MeSH Terms] AND ("infections"[MeSH Terms] OR "infections"[All Fields]
OR "infection"[All Fields]) AND 1990/01/01[EDAT] : 2021/08/16[EDAT]

Query = ("vitamin d"[MeSH Terms] OR "ergocalciferols"[MeSH Terms]) AND ("infections"[MeSH
Terms] OR “infections"[All Fields] OR "infection"[All Fields]) AND 1990/01/01[EDAT]:
2021/08/16[EDAT]

The returned papers were then reviewed and interpreted as presented in the following sections.

RESULTS

Helicobacter pylori

A well-studied chronic bacterial pathogen of the stomach called Helicobacter pylori can cause stomach
ulcers and also has a well-established negative relationship with serum vitamin B12 levels under most
circumstances, although there is some evidence that in certain populations such as the obese and those
with chronic kidney disease that H. pylori infection can actually increase serum vitamin B12 levels.

H. pylori has a newly established inverse relationship with serum vitamin D levels under most
circumstances, particularly eradication therapy. In a large Isreali study the odds of a positive H. pylori
test were 31% higher (OR 1.31, 99% CI 1.22-1.4, p < 0.001) among patients with deficient vitamin D
levels (<20 ng/mL) (Shafrir, Asher, et al.). In a fully controlled mouse study vitamin D was
demonstrated to have a mechanism of action against H. pylori by acting through the vitamin D receptor
(VDR) and the cathelicidin antimicrobial peptide (CAMP) (Zhou, Anni, et al.). As with all microbes,
drug resistance in H. pylori is a growing problem. The Chinese University of Hong Kong began a phase
3 clinical trial (NCT03142620) in 2017 to test the hypothesis that vitamin D in combination with
standard antimicrobial therapeutics could improve the eradication rates of drug-resistant H. pylori. Re-
sults are pending.

There is also some evidence that in certain populations such as those with chronic kidney disease and
possibly when vitamin D is obtained through oily fish that H. pylori infection is associated with
increased serum vitamin D levels (Nasri, Hamid, and Azar Baradaran.), (Ikezaki, Hiroaki, et al.). The
reasons for these exceptions are not clear as there are possibly confounding factors.

Gut Bacterial Microbiome

Certain intestinal bacteria can synthesize and or sequester vitamin B12. For this reason the gut
microbiome can play an important role in the availability of vitamin B12. Studies on the effects of
probiotics on serum vitamin B12 status are limited, however it was found that Pediococcus acidilactici
and Saccharomyces cerevisiae boulardii had no effect on serum vitamin b12 levels in the short-term
(Nadeau E., et al.). These types of studies are complicated by the fact that the liver stores large reserves
of vitamin B12, which can buffer short-term deficiencies. This suggests that microbiome changes must
be chronic in order to bring about serum vitamin B12 changes.

In pigs infected with Lawsonia intracellularis, the causative agent of porcine proliferative enteropathy,
only the chronic version of the disease called porcine intestinal adenomatosis, (PI1A), not the acute
proliferative hemorrhagic enteropathy (PHE), was associated with vitamin B12 deficiency (Grutzner,
Niels, et al.).

Vitamin D had no effect on Lawsonia intracellularis; about sixty-six percent of pigs were positive
regardless of vitamin D status.

The “good” bacterium Bacteroides thetaiotaomicron can inhibit Shiga toxin 2 (Stx2) production by
Enterohemorrhagic Escherichia coli (EHEC) via poorly defined soluble factors (Cordonnier, Charlotte,
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et al.). Importantly, a B. thetaiotaomicron clone with mutant BtuB, an outer membrane receptor for
vitamin B12, was unable to inhibit Stx2 production. In this context there appears to be a balance of
power between EHEC and B. thetaiotaomicron, which can be shifted depending on the availability of
vitamin B12.

Interestingly, prebiotics can stimulate the synthesis of the vitamin D precursor 7-dehydrocholesterol in
Bacteroides thetaiotaomicron (Gokhale, Sucheta, and Anirban Bhaduri.). Therefore, a diet containing
vitamin B12 and prebiotics can regulate the ability of the gut microbiome to inhibit pathogenic bacteria
and to synthesize vitamin D precursors. Vitamin D metabolism is therefore dependent on vitamin B12
to a certain extent, at least at the level of the gut microbiome.

The relationship between vitamin D and the gut microbiome is complicated by the existence of at least
three distinct enterotypes in people (Arumugam, Manimozhiyan, et al.), however there may be stable
associations between the presence of certain microbiome community members and the level of serum
vitamin D. Prevotella were more abundant (log2FC 1.67, p < 0.01), while Haemophilus (log2FC —2.92,
p<0.01), Veillonella (log2FC -1.46, p<0.01), Coprococcus (r=-0.215, p=0.008) and
Bifidobacterium (r = —0.269, p = 0.001) were inversely correlated with 25(OH)D (Luthold, Renata V.,
et al.). Inflammation appears to regulate this relationship but exactly how is not yet clear. In mice that
had been engineered so that they could not synthesize vitamin D or its receptor, an altered composition
of the gut microbiome resulted consistent with the human results correlating vitamin D levels with
microbiome composition (Ooi, Jot Hui, et al.), (Jin, Dapeng, et al.).

In a genome-wide association (GWAS) study, human vitamin D receptor (VDR) polymorphisms
consistently affected Parabacteroides of phylum Bacteroidetes. Further investigation in VDR—/— mice
showed an increase in Parabacteroides compared to wild type mice (Wang, Jun, et al.). Conversely, in
a study involving mice induced to be allergic to food and then treated using phototherapy it was found
that Parabacteroides goldsteinii increased and Lachnospiraceae representation of the phylum
Firmicutes decreased (Chen, Po-Jung, et al.). Consistent with this, in healthy Japanese monozygotic
twins, Lachnospira had a significantly negative correlation with protein, sodium, iron, vitamin D,
vitamin B6, and vitamin B12 intake (rs = -0.38, -0.41, -0.39, -0.63, -0.42, -0.49, respectively)
(Matsumoto, Natsuko, et al.). Given that vitamin D and vitamin B12 had the two biggest negative effects
on Lachnospira individually, it would be interesting to know whether the two vitamins have an additive
effect in combination.

In people high vitamin D intake has also been negatively associated with Prevotella and strongly
positively associated with Bacteroides, both of the phylum Bacteroidetes (Wu, G. D., et al.). On the
other hand some studies have found no associations between vitamin D intake and the gut microbiome
(Shieh, Albert, et al.).

In infants from birth to four months a positive correlation was found between the level of serum vitamin
D and the abundance of Bifidobacterium.

Vitamin D supplementation may lower the risk of atherosclerosis, type | diabetes, and intestinal cancer
by acting upon the gut microbiome, particularly promoting the growth of the genus Akkermansia,
Butyricimonas and other Odoribacteraceae family members (Wang, Xin, et al.), (Rabbone, Ivana, et
al.), (Robles-Vera, Ifiaki, et al.), (Zhou, Xueyan, et al.), (Zhang, Yong-Guo, et al.), (Charoenngam,
Nipith, et al.). These effects may be context dependent as not all studies find a significant influence on
Akkermansia (Chatterjee, Ishita, et al.).

In the northern hemisphere serum vitamin D levels fluctuate with the season as do the microbiomes of
the Inflammatory bowel diseases (IBDs) Crohn’s disease (CD) and ulcerative colitis (UC) (Soltys,
Katarina, et al.).

Interestingly, it appears that immunodeficiency nullifies vitamin D’s ability to modulate the gut
microbiome as HIV-1 patients supplemented with 5000 IU vitamin D did not demonstrate any
significant change in their microbiomes (Missailidis, Catharina, et al.).
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Furthermore, dysbiosis due to vitamin D deficiency may induce a negative feedback loop in which the
accumulating dysbiotic bacteria actively limit vitamin D biosynthesis (Zuo, Kun, et al.). This indicates
that priming with oral vitamin D may be necessary to achieve benefit from phototherapy based vitamin
D.

Small intestinal bacterial overgrowth (SIBO) is a disorder of excessive bacterial growth in the small
intestine, which normally has fewer than 100,000 organisms per millilitre. The small intestine is also
the primary site of vitamin B12 absorption. In one study that included dogs in which 22 out of 30 had
SIBO, 55% had low serum vitamin B12 (German, A.J., et al.). In 34 people (mean age 64 years; range
22-95 years) with SIBO there was no difference in serum vitamin B12 between those with increased
colonic permeability and asymptomatic individuals.

Interestingly, SIBO was shown to induce vitamin D deficiency as was documented in a case report of a
spinal cord injury patient with a sacral pressure sore (Kubota, Yoshitaka, et al.). Therefore it is possible
that under certain circumstances vitamin B12 and vitamin D deficiency could be attributable to SIBO.

Salmonella typhimurium produces gastroenteritis in humans and other mammals. It can synthesize
vitamin B12, but is actually more virulent when it has lost this ability (Sampson, B A, and E C
Gotschlich.).

Consistent with this, mice receiving vitamin D3 supplements experienced reduced severity of
Salmonella colitis (Huang, Fu-Chen, and Shun-Chen Huang.).

Tuberculosis

Mycobacteria, some of which can cause the human disease of tuberculous, are capable of synthesizing
vitamin b12 (Minias, Alina, et al.). Interestingly, it appears that the particular Mycobacterial species
that cause tuberculosis in people have lost this ability (Kipkorir, Terry, et al.). The role of vitamin B12
in Tuberculosis pathogenesis remains unclear (Gopinath, Krishnamoorthy, et al.). Vitamin B12
regulates Mycobacterial genes that are involved in stress response such as the iniBAC operon (Boot,
Maikel, et al.). Comparing patients with tuberculosis meningitis and aseptic meningitis a decreased
level of vitamin B12 was found only in patients with tuberculous meningitis whereas unchanged levels
were found in patients with aseptic meningitis. Furthermore, ileocaecal tuberculosis is also known to
result in vitamin B12 deficiency presumably due to reduced absorption from the intestine (Pannu,
Ashok Kumar, and Dinesh Raja Palanisamy).

Despite the role of vitamin b12 in the life cycle of Tuberculosis a study of tuberculosis in Nigerian
patients found no difference between serum concentrations of vitamin b12 in tuberculosis vs.
asymptomatic patients (Knox-Macaulay H H.). It is possible the inclusion of asymptomatic patients
rather than matched controls masked any difference that was present.

Vitamin D deficiency was found in a patient with Mycobacterium szulgai infection (clinically
indistinguishable from Mycobacterium tuberculosis), which resolved upon infection treatment (Lotfi,
Hadi, et al.). In newly diagnosed sputum positive pulmonary tuberculosis patients, serum vitamin D
levels were significantly lower in the tuberculosis group, (26.7 + 1.6 ng/mL) compared to non-TB
controls (117.3 = 3.2 ng/mL), in some cases (Jaimni, Vijay, et al.), (Sidahmed M.S Elsafi, Samah, et
al.). Despite this, a case report of an elderly man noted hypervitaminosis D connected with pulmonary
tuberculosis caused by Mycobacterium tuberculosis (Wada, Toshihiro, et al.). Consistent with this low
vitamin D levels in type Il diabetics was associated with reduced mycobacterial activity (Herrera, Maria
Teresa, et al.). Despite this, immunomodulatory treatments including vitamin D supplementation
inhibited growth of clinical multi-drug-resistant tuberculosis strains in human macrophages (Rao
Muvva, Jagadeeswara, et al.). Furthermore, clinical trial data indicated that vitamin D supplementation
increases the success rate of antituberculosis therapy (Hasanain, Ahmad Farooqg, et al.). A 2018
meta-analysis of vitamin D supplementation for pulmonary tuberculosis supports the view that it is
effective in combination with other treatments (Wu, Hong-xia, et al.).
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The mechanisms of action against Mycobacterium tuberculosis include polarization of monocyte-de-
rived cells expressing LL-37 but not IDO, and cathelicidin downregulation in dendritic cells. (Rao
Muvva, Jagadeeswara, et al.), (Rode, Anna K., et al.). Prophylactically, vitamin D supplementation did
not result in a lower risk of tuberculosis disease, or acute respiratory infection than placebo among
vitamin D-deficient school children in Mongolia (Ganmaa, Davaasambuu, et al.).

Among extrapulmonary tuberculosis cases the mean levels of vitamin D were also significantly lower
than in corresponding controls (11.9 £ 8.8 vs 22.3 £ 11 ng/mL; p < 0.001). Vitamin D deficiency was
significantly more frequent among cases (80% vs 37.7%; p < 0.001), with an odds ratio (OR) of 6.5
(2.5-16) (Hammami, Fatma, et al.).

Leptospira Interrogans

The role of vitamin B12 in leptospirosis, the disease caused by the spirochete Leptospira interrogans,
remains elusive (Murray, Gerald L., et al.). The L. interrogans surface receptor is dispensable for both
chronic and acute infections. Despite having a scavenging receptor for vitamin B12 L. interrogans is
self-sufficient, being able synthesize vitamin B12 itself in asymptomatic dogs (Kurilung, Alongkorn, et
al.). Whether the loss of the ability to synthesize vitamin B12 could cause an increase in the virulence
of this spirochete is an open question.

One could speculate if a canine or human played host to a bacterium that had lost the ability to
synthesize vitamin B12, and the host itself became deficient in said vitamin, this could trigger a stress
response in the bacterium. Depending on the species of bacteria involved this stress could induce a
virulence response to gain access to exogenous nutrients.

It is unknown how vitamin D interacts with Leptospira interrogans and vice versa and this will no doubt
be a future area of research.

Fungi

There is very limited literature regarding vitamin B12 and fungi, however some studies exist. A dog
with hereditary vitamin B12 deficiency (Imerslund-Grésbeck syndrome) died of multiorgan failure due
to a chronic systemic Scedosporium prolificans infection (Erles, K., et al.). This fungus is multidrug
resistant, however it only causes infections opportunistically, such as in the present case of vitamin B12
deficiency.

Similarly another dog was euthanized due to a fungal infection of the liver that caused anorexia, pyrexia
and vomiting. Imerslund-Grasbeck syndrome was identified post-mortem (Kook, P. H., et al.).

There may be some link between atrophic tongue caused by candida species and vitamin B12 deficiency
(Terai, Haruhiko, and Masashi Shimahara.). Vitamin B12 deficiency, however, was not found to be a
significant risk factor for oral candidiasis (Paillaud, Elena, et al.), (Samaranayake, L.P., and T.W.
MacFarlane).

Protozoan

In broiler chickens infected with Eimeria maxima, a protozoan that causes coccidiosis in poultry,
vitamin D supplementation resulted in higher parasite loads and compromised gut architecture (Sakkas,
Panagiotis, et al.).

DISCUSSION

Vitamin B12 and D have diverse effects on microorganisms involved in infection and symbiotic
activities as discussed in this review. Of particular interest the activities of both vitamins B12 and D
appear to converge upon the Lachnospiraceae family of gut bacteria, suppressing their growth.

The Lachnospiraceae are a family of anaerobic, spore-forming bacteria in the order Clostridiales that
are involved in carbohydrate metabolism, including prebiotics, butyrate synthesis, propionate synthesis,
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indole-propionic acid synthesis, p-cresol synthesis, and phenol synthesis (Vacca, Mirco, et al.). In
particular the genus Lachnospira represents a group of organisms of importance to human health that
are negatively correlated with serum levels of both B12 and D. The potential significance of this is
discussed. Interestingly, ultra-processed foods have a similar effect on Lachnospira (Cuevas-Sierra,
Amanda, et al.).

The Blautia genus is a member of the Lachnospiraceae family which is suppressed by vitamin B12 and
vitamin D. Patients with inflammatory bowel disease (IBD) do not absorb vitamin B12 well. Thus high
dose supplementation of the vitamin may be required in IBD patients. Under such conditions in mice it
was found that Escherichia/ Shigella were abundant and Lactobacillus, Blautia, and Clostridium XVIII
genera were at low levels (Zhu, Xuan, et al.).

3-Indolepropionic acid (IPA), or indole-3-propionic acid, is a potent neuroprotective antioxidant that is
being studied for therapeutic use in Alzheimer's disease, and is negatively associated with type II
diabetes (Chyan, Yau-Jan, et al.), (De Mello, Vanessa D., et al.). IPA is an even more potent scavenger
of hydroxyl radicals than melatonin. Within a cohort of 1018 middle-aged women from the TwinsUK
cohort, Blautia was the most common taxon associated with lower levels of indole-propionic acid (IPA),
indicating that Blautia promoted by vitamins B12 and D is unlikely to protect from Alzheimer’s and
diabetes (Menni, Cristina, et al.).

Blautia species modify flavonoids which have anti-viral, anticancer, anti-inflammation, antiallergic,
antimutagenic, and neuroprotection activities (Burapan, Supawadee, et al.). The consequences of this
are not well characterized but it is conceivable that Blautia is involved in the mechanism of action of
vitamin D and B12 for and against different microorganisms.

Deficiencies in vitamin B12 and D are common in inflammatory bowel diseases such as Crohn's disease
(Gioxari, Aristea, et al.). The butyrate-producing bacterial species Blautia faecis was significantly
reduced in Crohn's disease also (Takahashi, Kenichiro, et al.). Butyrate supplementation and perhaps
vitamin supplementation could have a role in treating irritable bowel diseases, inflammatory processes,
atherosclerosis, and maturation of the immune system (Sitkin, Stanislav, et al.), (Vacca, Mirco, et al.).
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Figure 1: Vitamin B12 absorption. Reproduced without permission:
*Source: https://www.ebmconsult.com/articles/vitamin-B12-absorption-mechanism-intestine-intrinsic-factor
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