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Abstract

Since the early 19" century, both environmental (sunlight) and dietary
sources (cod liver) of vitamin D have been identified as treatment for tuberculosis.
In the last years, it has been recognized that vitamin D modulates a variety of
processes and systems concerning host defense, inflammation, immunity. In
this context there is a growing evidence that vitamin D boosts antimycobacterial
immunity in vitro, in particular by stimulating macrophage response to Mt, mainly
via the antimicrobial peptide cathelicidin. The epidemiological observations that
low vitamin D status is associated with tuberculosis severity or susceptibility
have stimulated clinical trials concerning the possibility either to prevent
tuberculosis or to improve clinical recovery by supplementation with vitamin D.
Although current results seem to suggest a role to vitamin D in prevention or
treatment of tuberculosis, more rigorously designed clinical trials are needed for
the delineation of necessary changes in clinical practice. Of note, the association
between vitamin D and nontuberculous mycobacterial lung disease (in particular
caused by Mycobacterium avium complex and Mycobacterium abscessus)
has been poorly studied. Although a case-control study has ascertained that
patients with nontuberculous mycobacterial infection have a high prevalence of
vitamin D deficiency, the causality of the phenomenon needs further studies to
be determined.
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Vitamin D is available to humans in two different forms:
vitamin D3, or cholecalciferol, and vitamin D2, or ergocalciferol.
Cholecalciferol is synthesized in the skin from 7-Dehydrocholesterol
(7-DHC) under exposure to sunlight (UVB: 290-315 nm) which
promotes its non-enzymatic conversion to previtamin D3. Vitamin
D3 (cholecalciferol) derives from previtamin D3 by its conversion
by body heat. Excessive sunlight exposure degrades previtamin D3
and vitamin D3 to inactive photoproducts in order to avoid excessive
production of the vitamin in the skin. Vitamin D3 is stored in adipose
tissue. Ergocalciferol is produced in various plant materials, yeast
and fungi when they are exposed to UVB radiation [6]. Humans
can obtain both forms from diet by consumption either of animal
or plant products. Vitamin D3 and vitamin D2 are converted in the
liver by the enzyme 25-hydroxylase to 25-hydroxyvitamin D (25[OH]
D), also known as calcidiol, the form that circulates in the highest
concentration and reflects from both solar and dietary exposure,
being therefore a reliable indicator of the vitamin D status [7]. Then
it is converted in the kidney to the metabolically active vitamin D
hormone, 1a,25-dihydroxyvitamin D [1a,25(OH)2D] or calcitriol, by
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UVB: Short Wave Ultraviolet Rays; VDR: Vitamin D Receptor;
BMIL Body Mass Index; AMPs: Antimicrobial Peptides; Mt:
Mycobacterium tuberculosis; NTM: Nontuberculous Mycobacteria;
MAC: Mycobacterium Avium Complex

Introduction

Historically, the first observation on the putative role of
vitamin D in the host defense to tuberculosis was that by the British
physician C.B.J. Williams, who reported a “marked and unequivocal
improvement in patients suffering from tuberculosis after treatment
with cod liver oil [1]. On the other hand, until the introduction of
tuberculosis chemotherapy, patients with active tuberculosis were
treated with either vitamin D enriched food (e.g. fish oil) or by
sunlight exposure in sanatoria [2].

In the early 1920s Goldblatt H and Soames KM firstly described
the capacity of light rays to either stimulate the growth of rats
or increase the degree of calcification of their bones [3], as well as

Steenbock H demonstrated the induction of growth promoting
and calcifying properties in foods irradiated with ultraviolet light
[4]. Nowadays the anectodal association that patients placed in
the sun would see improvement in tuberculosis symptoms can be
easily explained if we consider that the exposure to UV sunlight is
responsible for the synthesis of la,25-dihydroxy vitamin D (i.e.
sunshine vitamin). A substance necessary for bone formation and
later known as vitamin D, was independently identified in cod liver
oil by Elmer V. McCollum in 1922 [5].

the mithocondrialD-1-a-hydroxylase enzyme (CYP27B1). Although
the most 1a,25(OH)2D is synthesized in the primary renal tubules
of the kidney, extrarenal production of vitamin D may occur in
bone, epithelial cells of the skin, lung and colon, parathyroid glands
and immune cells, especially activated macrophages [6]. Renal
production of 1a,25(0OH)2D occurs in response to decreased levels
of circulating Ca**, which stimulates the production of parathyroid
hormone. Parathyroid hormone induces the production of CYP27B1
by primary renal tubules.
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Basic Research

Since the discovery of its role played in rickets prophylaxis in the
1920, vitamin D was for along period of time only considered in relation
to its function in calcium and bone metabolism. The modulation of
the immune system was suggested by the presence of VDR in nearly
all types of immune cells [8]. Several candidate polymorphisms of
VDR and Vitamin D Binding Protein have been studied in their
capacity to modulate the development of tuberculosis. In this regard,
it is very interesting the hypothesis that VDR polymorphisms may
play a role in genetic susceptibility to tuberculosis [9]. A meta-analysis
showed a positive association between VDR polymorphism and host
susceptibility to tuberculosis [10]. Recently, it has been ascertained
that the antimicrobial activity is exerted by vitamin D mainly via
its influence on monocytes and macrophages, thus playing a role in
the innate immune response to specific infectious agents, including
Mt [11]. During bacterial infection, vitamin D has been reported to
act in the local tissue response [12], playing an integral role in the
production of AMPs [13,14]. In 1986 the 1,25(0OH)2D3 treatment of
murine and human macrophages was able to potentiate the effects of
IFN-y to inhibit Mt in vitro [15,16]. More recently, the critical role
exerted by vitamin D in macrophage response to Mt via the AMP
cathelicidin has been shown [17,18]. The cathelicidin active fragment
LL-37 is produced by phagocytic leukocytes, mucosal epithelial
cells, and keratinocytes and is present in both plasma and mucosal
secretions [19]. Indeed the intracellular killing of Mt by macrophages,
along with the production of nitric oxide [20], is closely related with
the cationic antimicrobial peptide human cathelicidin LL-37 [21].
However, the putative synergy of those pathways (nitric oxide and
cathelicidin, respectively) needs further exploration [11,22]. The
above mentioned studies by Liu [17,18] and other authors [23,24] have
demonstrated the immunomodulatory effects of vitamin D, which
promotes LL-37 expression and intracellular killing of Mt. After Mt
interaction with Toll-like receptors, the activated macrophages utilize
serum circulating 25(OH)D in order to locally produce 1,25(0OH)2D
that, in turn, interacts with VDR. The 1,25(OH)2D-VDR interaction
activates the cathelicidin gene, culminating in Mt destruction. These
findings are consistent with the notion that low levels of vitamin D are
associated with enhanced susceptibility to develop active tuberculosis
[17]. Moreover, the capacity of LL-37 to disrupt bacterial membrane
integrity, thus inducing autophagy (i.e. intracellular degradation of
mycobacteria) has been described [25]. Aside being macrophages
the first and primary line of the host cellular defense against the
infection, they represent the primary site of bacterial replication. It is
noteworthy that vitamin D contributes to the antimicrobial response
to Mt by hindering phagosomal progression (i.e. phagosome
maturation arrest), through the retention of the host’s tryptophan-
aspartate-containing coat protein [26,27]. Recently, another role for
vitamin D in human tuberculosis has been described. Vitamin D
treatment of infected macrophages was indeed demonstrated to be
able to suppress the intracellular storage of lipid droplets which are
required for the intracellular Mt growth [28].

Clinical Research on Vitamin D and

Mycobacterial Infections

Mycobacterium tuberculosis infection

Tuberculosis infects approximately a third of the world’s

population, causing symptomatic disease in 8.7 million people
annually [29]. Furthermore, it is estimated that one third of the
world population has latent (asymptomatic) Mt infection, and up
to 10% of patients with latent Mt infection will suffer a reactivation
of the infectious disease [30]. Therefore, being tuberculosis a
major global health problem, the basic science research of vitamin
D’s effects on mycobacteria has been complemented by clinical
studies. Epidemiological data suggested that low vitamin D status
is associated with tuberculosis severity or susceptibility [31]. In this
regard, defining a level of serum la,25-hydroxy-vitamin D3 as low
or insufficient depends on the level that is defined normal. This
interest in vitamin D status was exemplified by the 2011 Institute
of Medicine (IOM) report which established a minimum serum
25-hydroxyvitamin D [1a,25(OH)D] concentration of 20 ng/mL
as the optimal level for skeletal health in the USA [32]. For optimal
health benefits, the Endocrine Society recommended a concentration
of atleast 30 ng/mL [7]. The putative role played by vitamin D appears
to be linked to the VDR polymorphisms [9], although larger studies
are required to definitely establish whether the genetic susceptibility
to tuberculosis is related to VDR polymorphisms. Over the last years,
low vitamin D levels have been demonstrated in association with the
increased risk of active tuberculosis [33-36] even if independently of
nutritional status [37]. In a Korean population the median 25(OH)
D levels in patients with active tuberculosis were significantly lower
than those of healthy controls, and the prevalence of vitamin D
deficiency was higher in tuberculosis patients than among healthy
controls. In both tuberculosis patients and healthy controls low
BMI and the seasonality (i.e. spring/winter seasons) represented risk
factors for severe vitamin D deficiency [37]. Those findings are in
agreement with the reports from Tanzania [38], Uganda [39], and
Malawi [36]. In order to explore the association between low serum
vitamin D and risk of active tuberculosis in humans, the systematic
review and meta-analysis of observational studies between 1980 and
July 2006 concerning the association between low serum vitamin D
and risk of active tuberculosis concluded that low serum vitamin D
levels are associated with higher risk of active tuberculosis [33]. More
recently, another study showed that the 1,25(OH)2D3 concentrations
were lower in patients with tuberculosis than in healthy adults,
thus providing evidence that lower levels of 1,25(OH)2D3 may
predispose to tuberculosis or might represent a risk factor during the
development of tuberculosis [40]. To investigate the role played by
vitamin D in the pathogenesis of tuberculosis the levels of 25(OH)
D were studied in patients who had recovered from Mt disease, in
comparison to levels in persons without tuberculosis. Interestingly,
individuals who had recovered from tuberculosis had lower 25(OH)
D levels compared to controls without tuberculosis. This finding
may reflect pre-morbid levels as well as it might suggest that low
25(OH)D represent a risk factor for tuberculosis rather than a
consequence of the disease itself. In addition, low levels of 25(OH)
D may be a predisposing factor for developing recurrent tuberculosis
[41]. Those findings prompted studies aimed to verify the usefulness
of a vitamin D treatment in tuberculosis. In this regard, several
randomized, double-blind, placebo-controlled trials are available.
In one study, 67 tuberculosis patients received at random vitamin
D (0.25 mg/day) or placebo during the 6 initial weeks of treatment.
A statistical significant difference in sputum conversion (i.e. the
change of detectable to not detectable Mycobacteria in the sputum)
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was observed in favor of the vitamin D group [42]. In another study,
192 healthy adult tuberculosis contacts were randomized to receive a
single oral dose of 2.5 mg vitamin D or placebo and followed-up for
6 months. In comparison with placebo, vitamin D supplementation
significantly enhanced the ability of participants’ whole blood to
restrict BCG-lux luminescence in vitro without affecting antigen-
stimulated INTERFERON-lux-y-responses. The results allowed
authors to conclude that vitamin D supplementation may primarily
enhance innate response (as measured by the ability of whole blood to
restrict luminescence) without any polarization of acquired immune
response (antigen-stimulated IFN-y-response) [43]. With the aim to
test whether vitamin supplementation to tuberculosis patients might
improve clinical outcome and reduce mortality, 365 individuals were
studied in a double-blind, placebo-controlled trial. The intervention
consisted in 100,000 IU of vitamin D administration or placebo at
inclusion and again 5 and 8 months after the start of treatment. Two-
hundred-eighty-one patients completed the 12-months follow-up.
Vitamin D did not improve clinical outcome among patients and the
trial did not show any effect on mortality, although the possibility
that the dose used was insufficient should be taken into consideration
[44]. In this regard it might be of interest that supplementation
with higher doses of vitamin D (600,000 IU) accelerated clinical
and radiographic improvement in TB patients as well as increased
immune activation in patients with baseline deficient serum vitamin
D level (<20 ng/mL) [45]. On the basis of both clinical and ecological-
observational studies available to date [46], a therapeutic role for
vitamin D treatment of tuberculosis appears of interest. However,
the relationship between baseline vitamin D status, dose of vitamin D
supplements, and tuberculosis remains to be further investigated. In
particular, the complex mechanisms by which vitamin D deficiency
or repletion might modify the host response to Mt need further
investigation [47].

Nontuberculous mycobacterial infection

NTM are a group of more than 100 species of bacteria that are
ubiquitous in soil and water. Since NTM require defects in local
or systemic host immunity to cause disease, they are opportunists
and exhibit varied pathogenicity. The association between vitamin
D deficiency and NTM infection has been poorly studied. In this
regard, a case-control study evaluating the prevalence and severity of
vitamin D deficiency in patients with NTM lung disease has shown
that the median 25(OH)D levels for patients with NTM lung disease
are significantly lower than those of healthy controls. Moreover,
Mpycobacterium avium complex was found to be independently
associated with vitamin D deficiency in patients with NTM lung disease
[48]. Bacteria belonging to MAC are frequent cause of disseminated
bacterial infection in patients with AIDS and are responsible for
high morbidity and mortality. A previous study showed that patients
with disseminated MAC infection had severely decreased serum
1,25D levels compared with all other AIDS patients, as well as they
exhibited marked activation of the TNF system [49]. The association
of activated TNF system and decreased levels of vitamin D might
indeed suggest a combination of events leading to strongly impaired
defense against intracellular microbes, to enhanced HIV replication,
and, finally, to a more rapid progression of immunodeficiency [49].

Conclusion

Closer attention should be paid to vitamin D status in patients

with mycobacterial diseases. The data available to date on vitamin
D from experimental, ecological, case-control, retrospective and
observational studies strongly suggest a role of the sunshine vitamin.
Even if not yet conclusive, the results of ecological and clinical
studies along with the basic research findings strongly support
the recommendation to improve the general vitamin D status in
children and adults. Maintaining indeed normal serum levels of
25-hydroxyvitamin D may help in the prevention and amelioration of
tuberculosis and, more in general, mycobacterial diseases. Meanwhile,
we must await the results of further controlled and randomized
interventional studies on this very important medical matter.

References
1. Williams CJB. Cod-liver oil in phtisis. Lond J Med. 1849; 1: 1-18.

2. Charpy J. [Aspects of vitamin and functional substance therapy in
dermatology]. Bull Med. 1950; 64: 555-559.

3. Goldblatt H, Soames KM. The Supplementary Value of Light Rays to a Diet
Graded in its Content of Fat-Soluble Organic Factor. Biochem J. 1923; 17:
622-629.

4. Steenbock H. The Induction of Growth Promoting and Calcifying Properties in
a Ration by Exposure to Light. Science. 1924; 60: 224-225.

5. McCollum EV, Pitz W, Simmonds N, Becker JE, Shipley PG, Bunting RW.
The effect of addition of fluorine to the diet of the rat on the quality of the teeth.
1925. Studies on experimental rickets. XXI. An experimental demonstration
of the existence of a vitamin which promotes calcium deposition. J Biol Chem.
2002; 277: E8.

6. Bikle D. Nonclassic actions of vitamin D. J Clin Endocrinol Metab. 2009; 94:
26-34.

7. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney
RP, et al. Evaluation, treatment, and prevention of vitamin D deficiency: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2011;
96: 1911-1930.

8. Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. Vitamin D: modulator of
the immune system. Curr Opin Pharmacol. 2010; 10: 482-496.

9. Leandro AC, Rocha MA, Cardoso CS, Bonecini-Almeida MG. Genetic
polymorphisms in vitamin D receptors, vitamin D-binding protein, Toll-like
receptor 2, nitric oxide synthase 2, and interferon-gamma genes and its
association with susceptibility to tuberculosis. Braz J Med Biol Res. 2009;
42: 312-322.

10.Gao L, Tao Y, Zhang L, Jin Q. Vitamin D receptor genetic polymorphisms
and tuberculosis: updated systematic review and meta-analysis. Int J Tuberc
Lung Dis. 2010; 14: 15-23.

11. Adams JS, Hewison M. Unexpected actions of vitamin D: new perspectives
on the regulation of innate and adaptive immunity. Nat Clin Pract Endocrinol
Metab. 2008; 4: 80-90.

12. Nelson CD, Reinhardt TA, Beitz DC, Lippolis JD. In vivo activation of the
intracrine vitamin D pathway in innate immune cells and mammary tissue
during a bacterial infection. PLoS One. 2010; 5: e15469.

13. Hewison M. Antibacterial effects of vitamin D. Nat Rev Endocrinol. 2011; 7:
337-345.

14. Kamen DL, Tangpricha V. Vitamin D and molecular actions on the immune
system: modulation of innate and autoimmunity. J Mol Med (Berl). 2010; 88:
441-450.

15. Rook GA, Steele J, Fraher L, Barker S, Karmali R, O'Riordan J, et al.
Vitamin D3, gamma interferon, and control of proliferation of Mycobacterium
tuberculosis by human monocytes. Immunology. 1986; 57: 159-163.

16. Rook G. Vitamin D and tuberculosis. Tubercle. 1986; 67: 155-156.

17. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, et al. Toll-like receptor
triggering of a vitamin D-mediated human antimicrobial response. Science.
2006; 311: 1770-1773.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Pulm Respir Med 2(4): id1034 (2015) - Page - 03


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2543222/
http://www.ncbi.nlm.nih.gov/pubmed/14792210
http://www.ncbi.nlm.nih.gov/pubmed/14792210
http://www.ncbi.nlm.nih.gov/pubmed/16743261
http://www.ncbi.nlm.nih.gov/pubmed/16743261
http://www.ncbi.nlm.nih.gov/pubmed/16743261
http://www.ncbi.nlm.nih.gov/pubmed/17773313
http://www.ncbi.nlm.nih.gov/pubmed/17773313
http://www.ncbi.nlm.nih.gov/pubmed/11991957
http://www.ncbi.nlm.nih.gov/pubmed/11991957
http://www.ncbi.nlm.nih.gov/pubmed/11991957
http://www.ncbi.nlm.nih.gov/pubmed/11991957
http://www.ncbi.nlm.nih.gov/pubmed/11991957
http://www.ncbi.nlm.nih.gov/pubmed/18854395
http://www.ncbi.nlm.nih.gov/pubmed/18854395
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/21646368
http://www.ncbi.nlm.nih.gov/pubmed/20427238
http://www.ncbi.nlm.nih.gov/pubmed/20427238
http://www.ncbi.nlm.nih.gov/pubmed/19330258
http://www.ncbi.nlm.nih.gov/pubmed/19330258
http://www.ncbi.nlm.nih.gov/pubmed/19330258
http://www.ncbi.nlm.nih.gov/pubmed/19330258
http://www.ncbi.nlm.nih.gov/pubmed/19330258
http://www.ncbi.nlm.nih.gov/pubmed/20003690
http://www.ncbi.nlm.nih.gov/pubmed/20003690
http://www.ncbi.nlm.nih.gov/pubmed/20003690
http://www.ncbi.nlm.nih.gov/pubmed/18212810
http://www.ncbi.nlm.nih.gov/pubmed/18212810
http://www.ncbi.nlm.nih.gov/pubmed/18212810
http://www.ncbi.nlm.nih.gov/pubmed/21124742
http://www.ncbi.nlm.nih.gov/pubmed/21124742
http://www.ncbi.nlm.nih.gov/pubmed/21124742
http://www.ncbi.nlm.nih.gov/pubmed/21263449
http://www.ncbi.nlm.nih.gov/pubmed/21263449
http://www.ncbi.nlm.nih.gov/pubmed/20119827
http://www.ncbi.nlm.nih.gov/pubmed/20119827
http://www.ncbi.nlm.nih.gov/pubmed/20119827
http://www.ncbi.nlm.nih.gov/pubmed/3002968
http://www.ncbi.nlm.nih.gov/pubmed/3002968
http://www.ncbi.nlm.nih.gov/pubmed/3002968
http://www.ncbi.nlm.nih.gov/pubmed/3775866
http://www.ncbi.nlm.nih.gov/pubmed/16497887
http://www.ncbi.nlm.nih.gov/pubmed/16497887
http://www.ncbi.nlm.nih.gov/pubmed/16497887

Miragliotta G

Austin Publishing Group

18.

19.

20.

21.

2

N

23.

24

25.

2

(2]

2

By

28.

29.
30.

31

32

33.

34.

Liu PT, Stenger S, Tang DH, Modlin RL. Cutting edge: vitamin D-mediated
human antimicrobial activity against Mycobacterium tuberculosis is dependent
on the induction of cathelicidin. J Immunol. 2007; 179: 2060-2063.

Nijnik A, Hancock RE. The roles of cathelicidin LL-37 in immune defences
and novel clinical applications. Curr Opin Hematol. 2009; 16: 41-47.

Scanga CA, Mohan VP, Tanaka K, Alland D, Flynn JL, Chan J. The inducible
nitric oxide synthase locus confers protection against aerogenic challenge
of both clinical and laboratory strains of Mt in mice. Infect Immun. 2001; 69:
7711-7717.

Sonawane A, Santos JC, Mishra BB, Jena P, Progida C, Sorensen OE,
et al. Cathelicidin is involved in the intracellular killing of mycobacteria in
macrophages. Cell Microbiol. 2011; 13: 1601-1617.

. Brightbill HD, Libraty DH, Krutzik SR, Yang RB, Belisle JT, Bleharski JR, et al.

Host defense mechanisms triggered by microbial lipoproteins through toll-like
receptors. Science. 1999; 285: 732-736.

Adams JS. Vitamin D as a defensin. J Musculoskelet Neuronal Interact. 2006;
6: 344-346.

.Martineau AR, Wilkinson KA, Newton SM, Floto RA, Norman AW,

Skolimowska K, et al. IFN-gamma- and TNF-independent vitamin D-inducible
human suppression of mycobacteria: the role of cathelicidin LL-37. J Immunol.
2007; 178: 7190-7198.

Yuk JM, Shin DM, Lee HM, Yang CS, Jin HS, Kim KK, et al. Vitamin D3
induces autophagy in human monocytes/macrophages via cathelicidin. Cell
Host Microbe. 2009; 6: 231-243.

. Ferrari G, Langen H, Naito M, Pieters J. A coat protein on phagosomes

involved in the intracellular survival of mycobacteria. Cell. 1999; 97: 435-447.

. Pieters J. Evasion of host cell defense mechanisms by pathogenic bacteria.

Curr Opin Immunol. 2001; 13: 37-44.

Salamon H, Bruiners N, Lakehal K, Shi L, Ravi J, Yamaguchi KD, et al. Cutting
edge: Vitamin D regulates lipid metabolism in Mycobacterium tuberculosis
infection. J Immunol. 2014; 193: 30-34.

World Health Organization. Worldwide Tuberculosis Statistics. 2012.

Dye C, Scheele S, Dolin P, Pathania V, Raviglione M. Global burden of
tuberculosis: estimated incidence, prevalence, and mortality by country
[consensus statement]. WHO Global Surveillance and Monitoring Project.
JAMA. 1999; 282: 677-686.

Gao L, Tao Y, Zhang L, Jin Q. Vitamin D receptor genetic polymorphisms
and tuberculosis: updated systematic review and meta-analysis. Int J Tuberc
Lung Dis. 2010; 14: 15-23.

.Ross AC, Taylor CL, Yaktine AL, Del Valle HB. Committee to review dietary

reference intakes for vitamin D and calcium. Institute of Medicine: Dietary
Reference Intakes for Calcium and Vitamin D. Washington, DC: National
Academic Press. 2011.

Nnoaham KE, Clarke A. Low serum vitamin D levels and tuberculosis: a
systematic review and meta-analysis. Int J Epidemiol. 2008; 37: 113-119.

Mehta S, Mugusi FM, Bosch RJ, Aboud S, Urassa W, Villamor E, et al.
Vitamin D status and TB treatment outcomes in adult patients in Tanzania: a
cohort study. BMJ Open. 2013; 3: e003703.

35.

3

(o)}

37.

38.

39.

40.

41

4

N

4

w

44,

45.

46.

47.

48.

49

Hong JY, Kim SY, Chung KS, Kim EY, Jung JY, Park MS, et al. Association
between vitamin D deficiency and tuberculosis in a Korean population. Int J
Tuberc Lung Dis. 2014; 18: 73-78.

. Mastala Y, Nyangulu P, Banda RV, Mhemedi B, White SA, Allain TJ. Vitamin

D deficiency in medical patients at a central hospital in Malawi: a comparison
with TB patients from a previous study. PLoS One. 2013; 8: €59017.

Kim JH, Park JS, Cho YJ, Yoon HI, Song JH, Lee CT, et al. Low serum
25-hydroxyvitamin D level: an independent risk factor for tuberculosis? Clin
Nutr. 2014; 33: 1081-1086.

Friis H, Range N, Pedersen ML, Mglgaard C, Changalucha J, Krarup H, et
al. Hypovitaminosis D is common among pulmonary tuberculosis patients in
Tanzania but is not explained by the acute phase response. J Nutr. 2008;
138: 2474-2480.

Nansera D, Graziano FM, Friedman DJ, Bobbs MK, Jones AN, Hansen KE.
Vitamin D and calcium levels in Ugandan adults with human immunodeficiency
virus and tuberculosis. Int J Tuberc Lung Dis. 2011; 15: 1522-1527i.

Gao WW, Wang Y, Zhang XR, Yin CY, Hu CM, Tian M, et al. Levels of
1,25(0H)2D3 for patients with pulmonary tuberculosis and correlations of
1,25(0OH)2D3 with the clinical features of TB. J Thorac Dis. 2014; 6: 760-764.

.Huaman MA, Sterling TR, Shepherd BE, Fiske CT. 25-Hydroxyvitamin

D levels after recovery from tuberculosis: insights into pathogenesis.
Tuberculosis (Edinb). 2014; 94: 51-54.

. Nursyam EW, Amin Z, Rumende CM. The effect of vitamin D as supplementary

treatment in patients with moderately advanced pulmonary tuberculous
lesion. Acta Med Indones. 2006; 38: 3-5.

. Martineau AR, Wilkinson RJ, Wilkinson KA, Newton SM, Kampmann B, Hall

BM, et al. A single dose of vitamin D enhances immunity to mycobacteria. Am
J Respir Crit Care Med. 2007; 176: 208-213.

Wejse C, Gomes VF, Rabna P, Gustafson P, Aaby P, Lisse IM, et al. Vitamin
D as supplementary treatment for tuberculosis: a double-blind, randomized,
placebo-controlled trial. Am J Respir Crit Care Med. 2009; 179: 843-850.

Salahuddin N, Ali F, Hasan Z, Rao N, Ageel M, Mahmood F. Vitamin D
accelerates clinical recovery from tuberculosis: results of the SUCCINCT
Study [Supplementary Cholecalciferol in recovery from tuberculosis]. A
randomized, placebo-controlled, clinical trial of vitamin D supplementation in
patients with pulmonary tuberculosis’. BMC Infect Dis. 2013; 13: 22.

Autier P, Gandini S. Vitamin D supplementation and total mortality: a meta-
analysis of randomized controlled trials. Arch Intern Med. 2007; 167: 1730-
1737.

Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha V.
Vitamin D for treatment and prevention of infectious diseases: a systematic
review of randomized controlled trials. Endocr Pract. 2009; 15: 438-449.

Jeon K, Kim SY, Jeong BH, Chang B, Shin SJ, Koh WJ. Severe vitamin D
deficiency is associated with non-tuberculous mycobacterial lung disease: a
case-control study. Respirology. 2013; 18: 983-988.

.Haug CJ, Aukrust P, Lien E, Mller F, Espevik T, Frgland SS. Disseminated

Mycobacterium avium complex infection in AIDS: immunopathogenic
significance of an activated tumor necrosis factor system and depressed
serum levels of 1,25 dihydroxyvitamin D. J Infect Dis. 1996; 173: 259-262.

Austin J Pulm Respir Med - Volume 2 Issue 4 - 2015
ISSN : 2381-9022 | www.austinpublishinggroup.com
Miragliotta et al. © All rights are reserved

Citation: Miragliotta G and Miragliotta L. Vitamin D and Mycobacterial Infections, Basic and Clinical Research: A
Literature Review. Austin J Pulm Respir Med 2015; 2(4): 1034.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Pulm Respir Med 2(4): id1034 (2015) - Page - 04


http://www.ncbi.nlm.nih.gov/pubmed/17675463
http://www.ncbi.nlm.nih.gov/pubmed/17675463
http://www.ncbi.nlm.nih.gov/pubmed/17675463
http://www.ncbi.nlm.nih.gov/pubmed/19068548
http://www.ncbi.nlm.nih.gov/pubmed/19068548
http://www.ncbi.nlm.nih.gov/pubmed/11705952
http://www.ncbi.nlm.nih.gov/pubmed/11705952
http://www.ncbi.nlm.nih.gov/pubmed/11705952
http://www.ncbi.nlm.nih.gov/pubmed/11705952
http://www.ncbi.nlm.nih.gov/pubmed/21790937
http://www.ncbi.nlm.nih.gov/pubmed/21790937
http://www.ncbi.nlm.nih.gov/pubmed/21790937
http://www.ncbi.nlm.nih.gov/pubmed/10426995
http://www.ncbi.nlm.nih.gov/pubmed/10426995
http://www.ncbi.nlm.nih.gov/pubmed/10426995
http://www.ncbi.nlm.nih.gov/pubmed/17185816
http://www.ncbi.nlm.nih.gov/pubmed/17185816
http://www.ncbi.nlm.nih.gov/pubmed/17513768
http://www.ncbi.nlm.nih.gov/pubmed/17513768
http://www.ncbi.nlm.nih.gov/pubmed/17513768
http://www.ncbi.nlm.nih.gov/pubmed/17513768
http://www.ncbi.nlm.nih.gov/pubmed/19748465
http://www.ncbi.nlm.nih.gov/pubmed/19748465
http://www.ncbi.nlm.nih.gov/pubmed/19748465
http://www.ncbi.nlm.nih.gov/pubmed/10338208
http://www.ncbi.nlm.nih.gov/pubmed/10338208
http://www.ncbi.nlm.nih.gov/pubmed/11154915
http://www.ncbi.nlm.nih.gov/pubmed/11154915
http://www.ncbi.nlm.nih.gov/pubmed/24899504
http://www.ncbi.nlm.nih.gov/pubmed/24899504
http://www.ncbi.nlm.nih.gov/pubmed/24899504
http://www.ncbi.nlm.nih.gov/pubmed/10517722
http://www.ncbi.nlm.nih.gov/pubmed/10517722
http://www.ncbi.nlm.nih.gov/pubmed/10517722
http://www.ncbi.nlm.nih.gov/pubmed/10517722
http://www.ncbi.nlm.nih.gov/pubmed/20003690
http://www.ncbi.nlm.nih.gov/pubmed/20003690
http://www.ncbi.nlm.nih.gov/pubmed/20003690
http://www.ncbi.nlm.nih.gov/books/NBK56063/
http://www.ncbi.nlm.nih.gov/books/NBK56063/
http://www.ncbi.nlm.nih.gov/books/NBK56063/
http://www.ncbi.nlm.nih.gov/books/NBK56063/
http://www.ncbi.nlm.nih.gov/pubmed/18245055
http://www.ncbi.nlm.nih.gov/pubmed/18245055
http://www.ncbi.nlm.nih.gov/pubmed/24247327
http://www.ncbi.nlm.nih.gov/pubmed/24247327
http://www.ncbi.nlm.nih.gov/pubmed/24247327
http://www.ncbi.nlm.nih.gov/pubmed/24365556
http://www.ncbi.nlm.nih.gov/pubmed/24365556
http://www.ncbi.nlm.nih.gov/pubmed/24365556
http://www.ncbi.nlm.nih.gov/pubmed/23555614
http://www.ncbi.nlm.nih.gov/pubmed/23555614
http://www.ncbi.nlm.nih.gov/pubmed/23555614
http://www.ncbi.nlm.nih.gov/pubmed/24332595
http://www.ncbi.nlm.nih.gov/pubmed/24332595
http://www.ncbi.nlm.nih.gov/pubmed/24332595
http://www.ncbi.nlm.nih.gov/pubmed/19022975
http://www.ncbi.nlm.nih.gov/pubmed/19022975
http://www.ncbi.nlm.nih.gov/pubmed/19022975
http://www.ncbi.nlm.nih.gov/pubmed/19022975
http://www.ncbi.nlm.nih.gov/pubmed/22008767
http://www.ncbi.nlm.nih.gov/pubmed/22008767
http://www.ncbi.nlm.nih.gov/pubmed/22008767
http://www.ncbi.nlm.nih.gov/pubmed/24977000
http://www.ncbi.nlm.nih.gov/pubmed/24977000
http://www.ncbi.nlm.nih.gov/pubmed/24977000
http://www.ncbi.nlm.nih.gov/pubmed/24275362
http://www.ncbi.nlm.nih.gov/pubmed/24275362
http://www.ncbi.nlm.nih.gov/pubmed/24275362
http://www.ncbi.nlm.nih.gov/pubmed/16479024
http://www.ncbi.nlm.nih.gov/pubmed/16479024
http://www.ncbi.nlm.nih.gov/pubmed/16479024
http://www.ncbi.nlm.nih.gov/pubmed/17463418
http://www.ncbi.nlm.nih.gov/pubmed/17463418
http://www.ncbi.nlm.nih.gov/pubmed/17463418
http://www.ncbi.nlm.nih.gov/pubmed/19179490
http://www.ncbi.nlm.nih.gov/pubmed/19179490
http://www.ncbi.nlm.nih.gov/pubmed/19179490
http://www.ncbi.nlm.nih.gov/pubmed/23331510
http://www.ncbi.nlm.nih.gov/pubmed/23331510
http://www.ncbi.nlm.nih.gov/pubmed/23331510
http://www.ncbi.nlm.nih.gov/pubmed/23331510
http://www.ncbi.nlm.nih.gov/pubmed/23331510
http://www.ncbi.nlm.nih.gov/pubmed/17846391
http://www.ncbi.nlm.nih.gov/pubmed/17846391
http://www.ncbi.nlm.nih.gov/pubmed/17846391
http://www.ncbi.nlm.nih.gov/pubmed/19491064
http://www.ncbi.nlm.nih.gov/pubmed/19491064
http://www.ncbi.nlm.nih.gov/pubmed/19491064
http://www.ncbi.nlm.nih.gov/pubmed/23627546
http://www.ncbi.nlm.nih.gov/pubmed/23627546
http://www.ncbi.nlm.nih.gov/pubmed/23627546
http://www.ncbi.nlm.nih.gov/pubmed/8537672
http://www.ncbi.nlm.nih.gov/pubmed/8537672
http://www.ncbi.nlm.nih.gov/pubmed/8537672
http://www.ncbi.nlm.nih.gov/pubmed/8537672

	Title
	Abstract
	Abbreviations
	Introduction
	Basic Research
	Clinical Research on Vitamin D and Mycobacterial Infections
	Mycobacterium tuberculosis infection
	Nontuberculous mycobacterial infection

	Conclusion
	References

