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Vitamin D plays a crucial role in many infectious diseases, such as tuberculosis (TB), that remains one of the world’s top
infectious killers with 1.5 million deaths from TB in 2021. Vitamin D suppresses the replication of Mycobacterium
tuberculosis in vitro and showed a promising role in TB management as a result of its connection with oxidative balance.

Keywords: vitamin D ; tuberculosis ; TB ; outcome ; prophylaxis

| 1. vitamin D and Tuberculosis
1.1. Innate Immunity

MT uses the toll-like receptors (TLRs) present on the surface of macrophages to enter the body. In macrophages,
following the activation of the signaling pathway mediated by TLRs and exposure to inflammatory cytokines, there is an
increase in the expression of CYP27B1 oxidase, responsible for the oxidation of 25(OH)D to the active form 1,25(OH),D.
This, through an autocrine mechanism, activates the signaling pathway mediated by the VDR/RXR receptors present on
the macrophages themselves, with a consequent increase in the synthesis of cathelicidin hCAP-18 from which the
Leucine-Leucine-37 peptide (LL-37) is derived. It destroys the bacterial cell by interacting with the molecules of the
bacterial wall and by perforating the cytoplasmic membrane [H[2=14],

Other studies have also pointed out that vitamin D seems to induce autophagy in infected macrophages [, In fact, if on
the one hand MT tries to block the autophagic process, through which the infected macrophages eliminate the bacteria
contained in the phagolysosomes, on the other hand, the mycobacterial lipoproteins activate the signaling pathways
TLR2/1, CD14 and VDR, which stimulate autophagy €. Moreover, several studies have demonstrated the role of LL-37 in
autophagy; in particular, it has been highlighted that the autophagic process is blocked if the expression of LL-37 is
silenced @. Another study showed that the administration of vitamin D and phenylbutyrate is associated with a marked
increase in LL-37 levels in macrophages and lymphocytes and with increased intracellular killing of MT &I,

Vitamin D also appears to inhibit the growth of MT in infected macrophages through the production of nitrogen and oxygen
reactants: in fact, a study has shown that macrophages, under the stimulation of LPS and 1,25(0OH),D3, increase the
expression of inducible nitric oxide synthase (NOS2), acquiring the ability to produce a large amount of NO &,

1.2. Acquired Immunity

Some studies have reported the absence of some antimycobacterial activities mediated by T-helper lymphocytes in case
of vitamin D deficiency: for example, the production of INF-y by Thl lymphocytes, which enhances antibacterial activity of

macrophages and stimulation of the antibody-mediated response by Th2 lymphocytes via the secretion of IL4 and IL5 10
oy

1.3. Anti-Inflammatory Activity

If on the one hand vitamin D seems to carry out all these pro-inflammatory and antimicrobial activities aimed at
counteracting the MT infection, on the other, it also seems to perform anti-inflammatory functions that limit an excessive
inflammatory response.

In fact, several studies have shown that vitamin D has an anti-inflammatory activity, through various mechanisms,
including the induction of the expansion of T-reg lymphocytes, which in turn limit the activity of Thl and the regulation of
the expression of the genes that encode for metalloproteinases (MMPs) 22, MMPs are known to be associated with
tissue remodeling and the formation of tubercular granulomas. An in vitro study using MT-infected human leukocytes
showed that 1,25(0OH),D significantly attenuated MT-induced increases in expression of MMP-7 and MMP-10, and



suppressed secretion of MMP-7 by MT-infected PBMC, whilst MMP-9 gene expression, secretion and activity were
significantly inhibited by 1,25(0H),D5 irrespective of infection 2113l |t appears that vitamin D and its hydroxylated
derivatives also promote the stabilization of the endothelium and of the barrier function in the presence of inflammatory
mediators 14 as summarized in Table 1. Moreover, it has been observed that vitamin D, through LL-37, induces a
modulation of the expression of pro-inflammatory and anti-inflammatory cytokines (reduction of pro-inflammatory
cytokines TNFa and IL-17 and increase of anti-inflammatory ones IL-10 and TGF-B), without reducing the
antimycobacterial activity 12!, This is essential to reduce the inflammatory state and tissue damage that characterize the
pathophysiology of TB.

Table 1. Summary of antimicrobial and anti-inflammatory actions of Vitamin D.

Pro-Inflammatory/Antimicrobial Actions of Vit. D Anti-Inflammatory Actions of Vit. D
Induces destruction of the bacterial cell by activating the Induces the expansion of T-reg lymphocytes, which in turn
cathelicidin/LL-37 system in infected macrophages limit the activity of Thl
Induces autophagy in infected macrophages Attenuates M. tuberculosis-induced expression of MMP
Inhibits the growth of MT in infected macrophages through Stabilization of the endothelium and of the barrier function in
the production of nitrogen and oxygen reactants the presence of inflammatory mediators

Reduction of pro-inflammatory cytokines and increase of anti-
inflammatory ones, without reducing the antimycobacterial
activity

Stimulates production of INF-y by Thl lymphocytes, which
enhances antibacterial activity of macrophages

Enhances the antibody-mediated response by Th2
lymphocytes via the secretion of IL4 and IL5

| 2. The Role of Vitamin D in Prevention of Tuberculosis

Given the properties and mechanisms of action of vitamin D currently known, several studies have questioned the link
between vitamin D levels and the risk of progression to active TB in patients exposed to MT. First, a lower concentration of
25(0OH)D has been demonstrated in patients with active TB in comparison with healthy patients L8IAIL8] However, it is
not clear whether the vitamin D deficiency is due to infection or whether the progression of the infection is favored by the
vitamin D deficiency. Moreover, there is evidence of the ability of vitamin D to inhibit the replication of MT in vitro 219, For
example, a study has shown that a concentration of 4 pg/mL of cholecalciferol is sufficient to slow down the proliferation of
the bacillus inside cultured human macrophages. This value is significantly higher than the normal circulating levels of
1,25(0H),D; however, as already mentioned, the infected macrophages are capable of autonomously producing this
active form of vitamin D and could be therefore capable of reaching such concentrations 9. On the other hand, the
studies carried out in vivo are discordant and have not led to unequivocal conclusions about the efficacy of vitamin D
supplementation in preventing the development of the disease.

In a randomized controlled clinical trial conducted on 8851 children in Mongolia with latent tuberculosis infection (LTBI)
determined by QuantiFERON(®), et al. found no significant difference in the reduction of the risk of tuberculosis infection
and tuberculosis disease among children who were given a vitamin D supplementation (14,000 Ul of vitamin D for week)
and those treated with placebo 29, However, a meta-analysis, conducted on studies focused on various aspects of the
relations between vitamin D and TB, found that a low level of 25(OH)D is associated with an increased risk of developing
active TB. On the other hand, the same study showed a trend of higher levels of 1,25(0OH),D (the bioactive form) in
subjects with active TB, supporting the theory that the 25(OH)D deficiency is due to an increase in its conversion into the
bioactive form in response to infection 12, Another meta-analysis of prospective studies carried out by Aibana O, Huang
C-C et al. 2 confirmed the results of the previous one, showing in fact, a positive dose-dependent correlation between
pre-existent low levels of 25(OH)D in the bloodstream and an increased risk of developing active disease in high risk
groups (LTBI subject/household contacts of active TB patients). This risk was higher among HIV-positive patients with
severe vitamin D deficiency. Nevertheless, both meta-analyses have important limitations, including the variety that exists
in the definition of vitamin D deficiency among the studies on which they are based. So, there is a need for further studies
and clinical trials to evaluate the effectiveness of the vitamin D supplement in the prevention of active TB.

| 3. The Role of Vitamin D in Treatment of Tuberculosis

Given the high spread of TB worldwide, the long duration of therapy, the scarce availability of anti-tuberculosis drugs and
the increasing presence of infections caused by resistant to first-line drugs MT, it is necessary to search for new
medications or supplements that could reduce the time of administration of therapy and enhance the effect of already



existing drugs. Although several studies have confirmed in vitro the important role of active vitamin D against MT [24122],
randomized controlled trials (RCTs) did not confirm what was expected, and the results of the in vivo studies are
conflicting, so the debate is still open. Jing Zhang et al. conducted an in vivo study on mice in which the therapeutic
synergy between vitamin D and pyrazinamide (PZA) was analyzed. The study demonstrates how using calcitriol and PZA
concurrently results in an interruption of bacterial growth and a faster resolution of MT-related lung lesions. Furthermore, it
has been shown that the administration of vitamin D during therapy with PZA results in an increase of the release of anti-
inflammatory cytokines and antimicrobial molecules, respectively IL-4 and LL-37. The latter would otherwise be reduced in
patients taking PZA without vitamin D supplementation 23, On the other hand, in some RCTs that have evaluated the
infusion of high doses of vitamin D, beneficial effects were not observed, and the patients did not reach an earlier
microscopic negativization compared to the patients who were given a placebo 2423, Of note, despite multiple studies of
vitamin D supplementation in different doses, statistically significant benefits on sputum conversion have not been
demonstrated 28], It must be said, however, that few studies have been conducted on this topic, with numerically small
samples and data inaccuracies. For these reasons, further clinical trials to evaluate the effective role of the vitamin D
supplement in the treatment of TB are needed. One of the hypotheses to explain this difference between the in vivo and in
vitro results is the possible interference between the drugs used for the treatment of TB and the metabolism of VD. In this
regard, Chesdachai et al. have analyzed this relation through an in vitro study 4. In the study, human monocytes were
cultured with calcitriol and anti-tuberculosis drugs at different concentrations, and the activity of the hCAP18/cathelicidin
system was analyzed. The study showed that the culture with lower concentration of INH led to a strong induction of
hCAP18/cathelicidin system; Rifampicin at the same concentration resulted in a repression of its expression. The other
cultures, at higher concentrations of isoniazid or rifampicin and all cultures with ethambutol or pyrazinamide alone, did not
lead to any change in cathelicidin production. The culture with the four drugs, added together at maximum concentration
(10 mcg/mL), showed strong inhibition of hCAP18/cathelicidin in presence of 1,25(0OH)zDs. They have demonstrated that
the combination of the four drugs used in the first-line treatment of TB (PZA, INH, ETM, RIF) can inhibit the increase in
hCAP18/LL-37 expression induced by the bioactive form of vitamin D in cultured human macrophages 22, This result
obtained in vitro, may explain why in subjects infected with drug-sensitive MT, who are administered full doses of the four
anti-tuberculosis drugs, do not obtain rapid improvements with the administration of calcitriol in oral form; in fact, by
analyzing both the expression of hCAP18 and the presence of LL-37 in the bloodstream, there are no increases after 8
weeks of administration, compared to the control subjects 22, Several observational studies have shown the persistence
of low levels of vitamin D in patients with active TB 28129801 and some have shown a statistically significant relationship
with the intake of anti-tuberculosis drugs 28, The level of vitamin D in the bloodstream depends above all on the hepatic
metabolism and its level of impairment; an open question is to determine whether the conventional therapeutic regimen
can influence the blood concentrations of the vitamin, because, as it is known, anti-TB antibiotics are characterized by a
non-negligible liver toxicity. Some studies underline how the use of INH can change the levels of 25-hydroxylase and 1-
hydroxylase, and consequently also of the active VD. This is because INH inhibits or induces the cytochrome P450
system which regulates enzymatic activation 2. Another evidence concerns RIF, which appears to influence the
metabolism, enhancing CYP3A4 (but not CYP24Al), which acts as a 24-hydroxylase for 25(OH)D, reducing the
production of the active form of vitamin D 2. Regarding PZA and ETB, there are no studies that demonstrate changes in
vitamin D.

| 4. Synergism with Vitamin A in Prevention and Treatment of TB

A synergistic activity of vitamin D and vitamin A (VA) against MT has been hypothesized but the data regarding its role in
treatment are discordant 1. VA and vitamin D bind to their intracellular receptors, retinoic acid receptor (RAR) and VDR,
respectively, and subsequently both bind to the retinoid X receptor (RXR) and mediate changes in gene expression within
the cell. A study demonstrated in vitro the synergistic effect of these two vitamins in inhibiting the entry of MT and its
survival in macrophages, through the downregulation of the expression of the TACO gene 2. Some in vivo studies have
not found a clear relationship between these two vitamins in the impact on the treatment of TB; however, they seem to
suggest an influence of other micronutrients on the effects of vitamin D [21. For this reason, further studies are needed.

| 5. Side Effects of Vitamin D Supplementation

Potential effects of vitamin D supplementation include hypercalcemia, hypercalciuria and potentially nephrocalcinosis,
especially in patients with renal failure. However, a meta-analysis conducted on RCTs investigated the cumulative relative
risk of any type of adverse event, as well as kidney stones, hypercalcemia and hypercalciuria following administration of
at least 2800 IU/day of vitamin D2 or Ds for at least 1 year, concluding that high doses of vitamin D administered for a long
time (at least one year) do not significantly increase the risk of adverse events, although there is a trend toward increased
calcium and possibly hypercalciuria 2],



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Charoenngam, N.; Holick, M.F. Immunologic Effects of Vitamin D on Human Health and Disease. Nutrients 2020, 12,
2097.

. Sancho-Vaello, E.; Gil-Carton, D.; Frangois, P.; Bonetti, E.-J.; Kreir, M.; Pothula, K.R.; Kleinekathofer, U.; Zeth, K. The

structure of the antimicrobial human cathelicidin LL-37 shows oligomerization and channel formation in the presence of
membrane mimics. Sci. Rep. 2020, 10, 17356.

. Luong, K.V.; Nguyen, L.T. Impact of Vitamin D in the Treatment of Tuberculosis. Am. J. Med Sci. 2011, 341, 493-498.

. Gombart, A.F.; Borregaard, N.; Koeffler, H.P. Human cathelicidin antimicrobial peptide (CAMP) gene is a direct target of

the vitamin D receptor and is strongly up-regulated in myeloid cells by 1,25-dihydroxyvitamin D3. FASEB J. 2005, 19,
1067-1077.

. Yuk, J.M.; Shin, D.M.; Lee, H.M.; Yang, C.S.; Jin, H.S.; Kim, K.K.; Lee, Z.W.; Lee, S.H.; Kim, J.M.; Jo, E.K. Vitamin D3

Induces Autophagy in Human Monocytes/Macrophages via Cathelicidin. Cell Host Microbe 2009, 6, 231-243.

. Shin, D.M.; Yuk, J.M.; Lee, H.M.; Lee, S.H.; Son, J.W.; Harding, C.V.; Kim, J.M.; Modlin, R.L.; Jo, E.K. Mycobacterial

lipoprotein activates autophagy via TLR2/1/CD14 and a functional vitamin D receptor signalling. Cell. Microbiol. 2010,
12, 1648-1665.

. Rekha, R.S.; Muwva, S.J.R.; Wan, M.; Raqib, R.; Bergman, P.; Brighenti, S.; Gudmundsson, G.H.; Agerberth, B.

Phenylbutyrate induces LL-37-dependent autophagy and intracellular killing of Mycobacterium tuberculosis in human
macrophages. Autophagy 2015, 11, 1688-1699.

. Mily, A.; Rekha, R.S.; Kamal, S.M.; Akhtar, E.; Sarker, P.; Rahim, Z.; Gudmundsson, G.H.; Agerberth, B.; Raqgib, R. Oral

intake of phenylbutyrate with or without vitamin D3upregulates the cathelicidin LL-37 in human macrophages: A dose
finding study for treatment of tuberculosis. BMC Pulm. Med. 2013, 13, 23.

. Rockett, K.A.; Brookes, R.; Udalova, I.; Vidal, V.; Hill, A.V.; Kwiatkowski, D. 1,25-Dihydroxyvitamin D3 induces nitric

oxide synthase and suppresses growth of Mycobacterium tuberculosis in a human macrophage-like cell line. Infect.
Immun. 1998, 66, 5314-5321.

Turnbull, E.R.; Drobniewski, F. Vitamin D supplementation: A comprehensive review on supplementation for
tuberculosis prophylaxis. Expert Rev. Respir. Med. 2015, 9, 269-275.

Fabri, M.; Stenger, S.; Shin, D.-M.; Yuk, J.-M.; Liu, P.T.; Realegeno, S.; Lee, H.-M.; Krutzik, S.R.; Schenk, M.; Sieling,
P.A.; et al. Vitamin D Is Required for IFN-y—Mediated Antimicrobial Activity of Human Macrophages. Sci. Transl. Med.
2011, 3, 104ral02.

Coussens, A.; Timms, P.M.; Boucher, B.J.; Venton, T.R.; Ashcroft, A.T.; Skolimowska, K.H.; Newton, S.M.; Wilkinson,
K.A.; Davidson, R.N.; Griffiths, C.J.; et al. 1a,25-dihydroxyvitamin D3inhibits matrix metalloproteinases induced
byMycobacterium tuberculosisinfection. Immunology 2009, 127, 539-548.

Brighenti, S.; Bergman, P.; Martineau, A.R. Vitamin D and tuberculosis: Where next? J. Intern. Med. 2018, 284, 145—
162.

Gibson, C.C.; Davis, C.T.; Zhu, W.; Bowman-Kirigin, J.A.; Walker, A.E.; Tai, Z.; Thomas, K.R.; Donato, A.J.; Lesniewski,
L.A.; Li, D.Y. Dietary Vitamin D and Its Metabolites Non-Genomically Stabilize the Endothelium. PLoS ONE 2015, 10,
€0140370.

Torres-Juarez, F.; Cardenas-Vargas, A.; Montoya-Rosales, A.; Gonzalez-Curiel, |.; Garcia-Hernandez, M.H.; Enciso-
Moreno, J.A.; Hancock, R.E.; Rivas-Santiago, B. LL-37 Immunomodulatory Activity during Mycobacterium tuberculosis
Infection in Macrophages. Infect. Immun. 2015, 83, 4495-4503.

Elsafi, S.S.M.S.; Nour, B.M.; Abakar, A.D.; Omer, I.H.; Aimugadam, B.S. Vitamin D level and it is association with the
severity of pulmonary tuberculosis in patients attended to Kosti Teaching Hospital, Sudan. AIMS Microbiol. 2020, 6, 65—
74.

Huang, S.J.; Wang, X.H.; Liu, Z.-D.; Cao, W.-L.; Han, Y.; Ma, A.-G.; Xu, S.-F. Vitamin D deficiency and the risk of
tuberculosis: A meta-analysis. Drug Des. Dev. Ther. 2016, 11, 91-102.

Venturini, E.; Facchini, L.; Martinez-Alier, N.; Novelli, V.; Galli, L.; De Martino, M.; Chiappini, E. Vitamin D and
tuberculosis: A multicenter study in children. BMC Infect. Dis. 2014, 14, 652.

Crowle, A.J.; Ross, E.J.; May, M.H. Inhibition by 1,25(OH)2-vitamin D3 of the multiplication of virulent tubercle bacilli in
cultured human macrophages. Infect. Immun. 1987, 55, 2945-2950.



20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

Ganmaa, D.; Uyanga, B.; Zhou, X.; Gantsetseg, G.; Delgerekh, B.; Enkhmaa, D.; Khulan, D.; Ariunzaya, S.; Sumiya,
E.; Bolortuya, B.; et al. Vitamin D Supplements for Prevention of Tuberculosis Infection and Disease. N. Engl. J. Med.
2020, 383, 359-368.

Aibana, O.; Huang, C.-C.; Aboud, S.; Arnedo-Pena, A.; Becerra, M.C.; Bellido-Blasco, J.B.; Bhosale, R.; Calderon, R.;
Chiang, S.; Contreras, C.; et al. Vitamin D status and risk of incident tuberculosis disease: A nested case-control study,
systematic review, and individual-participant data meta-analysis. PLoS Med. 2019, 16, e1002907.

Bouillon, R.; Manousaki, D.; Rosen, C.; Trajanoska, K.; Rivadeneira, F.; Richards, J.B. The health effects of vitamin D
supplementation: Evidence from human studies. Nat. Rev. Endocrinol. 2022, 18, 96-110.

Zhang, J.; Guo, M.; Huang, Z.-X.; Bao, R.; Yu, Q.; Dai, M.; Wang, X.; Rao, Y. Calcitriol enhances pyrazinamide
treatment of murine tuberculosis. Chin. Med. J. 2019, 132, 2089-2095.

Daley, P.; Jagannathan, V.; John, K.R.; Sarojini, J.; Latha, A.; Vieth, R.; Suzana, S.; Jeyaseelan, L.; Christopher, D.J.;
Smieja, M.; et al. Adjunctive vitamin D for treatment of active tuberculosis in India: A randomised, double-blind,
placebo-controlled trial. Lancet Infect. Dis. 2015, 15, 528-534.

Tukvadze, N.; Sanikidze, E.; Kipiani, M.; Hebbar, G.; Easley, K.; Shenvi, N.; Kempker, R.R.; Frediani, J.; Mirtskhulava,
V.; Alvarez, J.A.; et al. High-dose vitamin D3 in adults with pulmonary tuberculosis: A double-blind randomized
controlled trial. Am. J. Clin. Nutr. 2015, 102, 1059-1069.

Grobler, L.; Nagpal, S.; Sudarsanam, T.D.; Sinclair, D. Nutritional supplements for people being treated for active
tuberculosis. Cochrane Database Syst. Rev. 2016, 2016, CD006086.

Chesdachai, S.; Zughaier, S.M.; Hao, L.; Kempker, R.R.; Blumberg, H.M.; Ziegler, T.R.; Tangpricha, V. The effects of
first-line anti-tuberculosis drugs on the actions of vitamin D in human macrophages. J. Clin. Transl. Endocrinol. 2016, 6,
23-29.

Keflie, T.S.; N6lle, N.; Lambert, C.; Nohr, D.; Biesalski, H.K. Vitamin D deficiencies among tuberculosis patients in
Africa: A systematic review. Nutrition 2015, 31, 1204-1212.

Desai, N.S.; Tukvadze, N.; Frediani, J.K.; Kipiani, M.; Sanikidze, E.; Nichols, M.M.; Hebbar, G.; Kempker, R.R.;
Mirtskhulava, V.; Kalandadze, |.; et al. Effects of sunlight and diet on vitamin D status of pulmonary tuberculosis
patients in Thilisi, Georgia. Nutrition 2012, 28, 362—366.

Sloan, D.J.; Mwandumba, H.C.; Kamdolozi, M.; Shani, D.; Chisale, B.; Dutton, J.; Khoo, S.H.; Allain, T.J.; Davies, G.R.
Vitamin D deficiency in Malawian adults with pulmonary tuberculosis: Risk factors and treatment outcomes. Int. J.
Tuberc. Lung Dis. 2015, 19, 904-911.

Patti, G.; Pellegrino, C.; Ricciardi, A.; Novara, R.; Cotugno, S.; Papagni, R.; Guido, G.; Totaro, V.; De laco, G.;
Romanelli, F.; et al. Potential Role of Vitamins A, B, C, D and E in TB Treatment and Prevention: A Narrative Review.
Antibiotics 2021, 10, 1354.

Anand, P.K.; Kaul, D.; Sharma, M. Synergistic action of vitamin D and retinoic acid restricts invasion of macrophages
by pathogenic mycobacteria. J. Microbiol. Immunol. Infect. = Wei Mian Yu Gan Ran Za Zhi 2008, 41, 17-25.

Malihi, Z.; Wu, Z.; Lawes, C.; Scragg, R. Adverse events from large dose vitamin D supplementation taken for one year
or longer. J. Steroid Biochem. Mol. Biol. 2019, 188, 29-37.

Retrieved from https://encyclopedia.pub/entry/history/show/53817



