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Abstract

Background—Observational studies have linked vitamin D status and infectious disease. This 

association is supported by the presence of the vitamin D receptor and CYP27B1 in immune cells. 

This review aims to consolidate data from clinical trials that used vitamin D for the treatment or 

prevention of infectious disease.

Methods—We searched the term “(vitamin D OR ergocalciferol OR cholecalciferol OR vitamin 

D2 OR vitamin D3 OR calcitriol) AND (infection OR tuberculosis OR sepsis OR pneumonia)” 

with limits preset to manuscripts published in English and with human subjects. We identified 

controlled trials that measured infectious outcomes (e.g. incidence and severity of disease, time to 

disease resolution or recurrence, measures of clinical improvement, mortality). Studies were 

excluded that: used analog, topical, or micronutrient formulations of vitamin D, assessed only 

vitamin D status, or lacked a comparison group. The references from eligible manuscripts and 

from 2 recent reviews were scanned for additional manuscripts.

Results—1284 manuscripts were identified with our search terms, with 60 papers still eligible 

after review of the title and abstract. Full review of these papers, their references and 2 related 

reviews yielded 38 manuscripts.

Conclusion—Though some prospective studies show positive results regarding vitamin D on 

infectious disease, several robust studies are negative. Factors such as high variability between 

studies, the difference in individual responsiveness to vitamin D, and study designs that do not 

primarily investigate infectious outcomes may mask the effects of vitamin D on infections.
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Introduction

Although best studied in bone disease [1, 2], studies suggest that vitamin D plays a role in 

various infectious processes (e.g. tuberculosis (TB) [3-5], respiratory tract infections (RTI) 

and influenza [6-11], chronic obstructive pulmonary disease (COPD) exacerbations [12, 13], 

cystic fibrosis (CF) [14, 15], sepsis [16] and human immunodeficiency virus (HIV) [17]). 

Furthermore, vitamin D deficiency is associated with an increased risk for all-cause and 

infection-related mortality in the general population [18, 19]. Although mechanistic evidence 

linking vitamin D with immunity is strong, randomized controlled trials have yielded 

inconsistent results.

The active form of vitamin D is 1,25-dihydroxycholecalciferol (1,25(OH)2D3, or calcitriol), 

which is formed by two sequential hydroxylation reactions. The first reaction occurs in the 

liver and forms 25-hydroxyvitamin D (25(OH)D), the levels of which indicate vitamin D 

status [20]. The second reaction forms calcitriol viaCYP27B1, an enzyme located in the 

kidneys and target organs [21]. Calcitriol acts through the vitamin D receptor (VDR), a 

polymorphic nuclear receptor that modulates the expression of genes involved in immune 

function and cytokine production [22-26]. The VDR and CYP27B1are present in immune 

cells [27, 28] and bronchial and pulmonary epithelial cells [29, 30], among others, and is up-

regulated following the ligation of specific toll-like receptors by extracellular pathogens [31], 

implicating vitamin D in innate immunity [32]. By binding the VDR, calcitriol induces 

several endogenous antimicrobial peptides (AMP) in human monocytes, neutrophils and 

epithelial cells (e.g. cathelicidin LL-37 [31, 33-35], α-defensin [35], β defensin [33] and 

neutrophil gelatinase-associated lipocalin [33]) and up-regulates nitric oxide (NO) 

synthase [36]. AMPs inhibit infection by bacteria, viruses and fungi [37-39], while NO 

synthase augments bacterial killing by up-regulating the oxidative burst in activated 

macrophages [40]. Vitamin D may also induce a T helper 2 (Th2)-based response [41], 

characterized by high Immunoglobulin IgE and eosinophilia [42, 43], to combat extracellular 

infections by parasites, protozoa and fungi [44, 45].

In addition to its role in innate immunity, calcitriol suppresses pro-inflammatory cytokines 

in vitro [46] and in vivo [47, 48], and up-regulates anti-inflammatory cytokines, such as 

IL-10 [47, 49]. Since the inflammatory response associated with infections such influenza, 

pneumonia and sepsis increases both clinical severity and mortality [50-53], the ability to 

reduce inflammation may allow vitamin D to decrease mortality and disease burden in 

certain infections.

This review focuses on controlled, intervention studies that use vitamin D in the treatment 

and prevention of infectious disease. We aimed to identify existing trials, assess 

comparisons between dosing strategies and populations previously tested, and identify 

sources of variability that may contribute to the inconsistencies between trials.

Materials and Methods

We performed a systematic review of controlled, intervention trials in which vitamin D was 

used for the treatment or prevention of infectious disease. We evaluated the following 
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outcomes related to infection: incidence and severity of infection, time to infection 

resolution or recurrence, mortality, and measures of clinical improvement, such as weight 

gain and improvements on imaging studies. We searched PubMed through the date 

(5/21/2014) using the search term: “(vitamin D OR ergocalciferol OR cholecalciferol OR 

vitamin D2 OR vitamin D3 OR calcitriol) AND (infection OR sepsis OR pneumonia OR 

tuberculosis).” Limits were present to manuscripts published in the English language and 

involving human subjects. The titles and abstracts of search results were reviewed for: 

prospective, controlled, intervention trials using vitamin D2, D3 or calcitriol. Exclusion 

criteria were: 1) review articles, 2) retrospective studies, 3) studies lacking a comparison 

group, 4) studies that used vitamin D analogs, 5) studies that used vitamin D as part of 

micronutrient or topical formulas, or 6) studies that evaluated vitamin D status as the only 

endpoint. Manuscripts not excluded by information in the abstract and title were examined 

in their entirety and their references reviewed for additional eligible manuscripts. The 

references of relevant review articles identified in our search were also scanned for eligible 

manuscripts. Two independent reviewers (J.A., M.K.) identified manuscripts using these 

criteria and a third reviewer (V.T.) settled disagreements. Data was collected and paper 

quality assessed in duplicate by 2 independent reviewers (M.K., N.S.). The quality of each 

paper was scored on 2 rating scales (the 5-point Maryland Scientific Methods Scale [54] and 

the 17-point Methodological Quality Rating Scale (MQRS)[55]), and a final quality score 

agreed upon by both reviewers. In both scales, higher numbers represent a more rigorous 

study design [54, 55].

PUBMED search results

After evaluating the titles and abstracts of 1284 manuscripts identified by our search terms 

(Figure 1), 60 manuscripts were examined in their entirety and 29 manuscripts remained 

eligible. Six additional manuscripts were added following review of the references of these 

papers. The references of 2 recent reviews identified by our search terms [56, 57] were also 

evaluated, yielding 3 additional manuscripts. A total of 38 papers were included in this 

review.

Results

Study design

The 38 prospective, controlled trials included in this paper were published after 1994 and 

evaluated populations receiving vitamin D for treatment, an adjunct to treatment, or 

prevention of infectious disease. A majority of these trials studied respiratory disease [58-87], 

such as: RTI (Table 1), pneumonia and exacerbations linked to RTI (Table 2), and TB 

(Table 3). Of the remaining trials (Table 4), 3 evaluated infection rates and antibiotic use in 

adults [88-90] and single trials studied populations with: hepatitis C virus (HCV)[91], heart 

transplants[92], HIV [93], schistosomiasis [94], and infection in pregnancy [95]. Of these 

manuscripts, 2 combined multiple randomized, controlled data sets [86, 95] and 8 provided a 

secondary analysis of previously published data [64, 73, 78, 84, 86, 89, 90, 95]. All studies were 

double blinded except for 2 that used a single blind model [85, 94] and 6 that were non-

blinded [58, 61, 65, 71, 87, 91]. Two trials did not randomize participants [65, 87]. All studies 

contained placebo groups except for 3 that used an alternative vitamin D dose for 
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comparison [85, 88, 95] and 4 that used no treatment for comparison [61, 75, 87, 91]. Paper 

quality scores ranged from 5 to 16 on the MQRS scale, with 36% of included studies having 

‘excellent methodology’ indicated by a score ≥14 [55].

Respiratory Tract Infections

Thirteen papers assessed vitamin D in the prevention of RTI [75-87, 90], while others studied 

conditions associated with RTI, including exacerbations of COPD [74] and CF [72, 73]. RTI 

prevention with vitamin D yielded mixed results in healthy adults. Two positive studies 

found fewer RTI [79] and decreased cold and influenza incidences [84] with daily vitamin D3 

doses between 400 IU and 2000 IU for 6 months and 36 months, respectively. However, the 

remaining trials found no change in the incidence or severity of RTI or influenza symptoms 

following doses of vitamin D3 given daily (2,000 IU doses for 4 months [80] or 1,111-6,800 

IU doses for 3 months during influenza season [86]) or monthly (100,000 IU doses for 18 

months)[77].

Positive studies in healthy, school-aged children found daily doses between 300 and 1,200 

IU of vitamin D3 given over periods between 3 and 6 months to significantly decrease the 

risk of RTI [78], influenza A [83], and asthma exacerbations [76, 83]. However, no change in 

wheezing, RTI, or other atopic illness was seen in the offspring of pregnant women who 

received either 800 IU of vitamin D2 daily until delivery or 200,000 IU of vitamin D3 given 

once [75]. There also was no change in RTI incidence in the offspring of women who 

received between 60,000 IU and 240,000 IU of vitamin D3 during the second and third 

trimesters of pregnancy [85].

Several papers evaluated RTI-prone populations. In children with a high incidence of 

RTI [87], 60,000 IU of vitamin D3 given weekly for 6 weeks showed no significant change in 

observed RTI. However, 4,000 IU of vitamin D3 given daily for a year in RTI-prone adults 

reduced overall rates of infections and the number of days on antibiotics by 50% [81]. 

Similarly, a population of CF patients who received a single, 250,000 IU dose of vitamin D3 

while hospitalized experienced a significant increase in hospital-free days during the year 

following the dose [72] and 50.4% decrease in TNF-α concentrations up to 12 weeks 

following the dose [73]. In this population, however, there were no differences between the 

vitamin D and placebo groups in the number of antibiotic free days, recovery of 

function [72], or change in IL-6 [73]. In patients with moderate to very severe COPD, 100,000 

IU of vitamin D3 at monthly intervals resulted in improvement in lung function, rates of 

exacerbation, and morbidity and mortality [74], although positive results were limited to 

participants who were vitamin D deficient at baseline.

In summary, only a few studies suggest that vitamin D may have some benefit in reducing 

the risk of RTI in young healthy adults and adolescents whereas the efficacy of vitamin D in 

adults with chronic lung disease is less clear. Vitamin D intervention during pregnancy did 

not appear to reduce the risk of URTI or asthmatic symptoms in the offspring.
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Pneumonia

Three studies evaluated the impact of vitamin D on pneumonia [69-71], yielding largely 

negative results. Hospitalized children received no benefit on the duration of illness, 

hospitalization or symptoms with 1,000 - 2,000 IU doses of vitamin D3 given for up to 5 

days [69]. Two studies by Manaseki-Holland et al [70, 71] found 100,000 IU doses of vitamin 

D3 given once [70] and at 3 month intervals for 18 months [71] to show no change in the 

incidence, severity or time to recovery from pneumonia. Although the initial trial showed a 

13% decreased risk of repeat pneumonia compared to placebo in the 90 days following the 

dose [70], this result was not reproduced in the second trial, which had a large sample 

size [71].

Tuberculosis

Vitamin D has been extensively studied in the prevention [67, 68] and treatment [58-66] of TB. 

Studies that assessed TB prevention showed a single dose of 100,000 IU of vitamin D2 to 

significantly increase whole blood restriction of BCG-lux luminescence (an in vitro 

indicator of TB growth restriction) in adults [68], and for daily doses of 800 IU of vitamin D3 

to cause a significant increase in anthropometric measurements and a 59% (non-significant) 

reduction in tuberculin skin test (TST) conversion rates when given to children for 6 

weeks [67].

The remaining studies assessed vitamin D both as an adjunct to antibiotic treatment for 

TB [58-64, 66] and in its ability to kill mycobacterium tuberculosis (MTB) [65]. Vitamin D 

supplementation led to clinical improvements in four studies, including: weight gains (in 

adults receiving two 600,000 IU doses of vitamin D3
[63] and children receiving 1000 IU 

doses daily for 8 weeks [58]),less tissue involvement on sonography (after 1,000 IU daily for 

2 months [58]) and chest x-ray (after 5,000 IU of vitamin D3 daily for 3 months [63]). 

Conversely, no improvement on x-ray was seen in children receiving daily doses of vitamin 

D (1,000 IU over 2 months [58]) or adults receiving daily (10,000 IU for 6 weeks [59]) or 

monthly (50,000 IU given twice [66]) doses of vitamin D3. In Wejse et al [60], 100,000 IU 

doses of vitamin D3 given to adults with TB at baseline, 5, and 8 months also did not impact 

clinical severity scores or weight gain, among other outcomes.

Conversion of sputum smear or sputum culture was used to measure response to treatment in 

several studies, though only sputum culture conversion is independently linked to long-term 

risk of treatment failure and relapse [96]. Nurasyam et al [59] found 10,000 IU of vitamin D3 

given daily for 6 weeks to significantly increase sputum smear conversion (100% in the 

treatment group vs. 76.7% in the placebo group, p=0.002). However, 2 studies showed no 

acceleration of sputum smear conversion with: 3 doses of 100,000 IU of vitamin D3 given 

over 8 months [60] or 6 weekly doses of 60,000 IU of vitamin D3
[61]. Two studies [62, 66] 

also showed negative results when testing the time to sputum culture conversion using 

vitamin D3 given as two 50,000 IU doses 1 month apart [66] and four 100,000 IU doses of at 

2 week intervals [62]. In spite of negative results in the study overall, Martineau et al [62], 

however, did find in subgroup analysis based on the genotype of the Taq1 vitamin D 
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receptor polymorphism that those with a tt genotype experienced a significantly accelerated 

conversion compared to those with the Tt or TT genotype.

Several studies tracked the impact of vitamin D on cytokines that promote anti-MTB activity 

and the resolution of infection. Suppression of antigen-stimulated pro-inflammatory 

cytokines, attenuation of anti-inflammatory cytokines, and a more rapid treatment-induced 

resolution of lymphopenia and monocytosis associated with TB infection occurred following 

100,000 IU doses of vitamin D3 given monthly for 4 months [64]. IFN-γ levels were 

impacted variably; 2 doses of 600,000 IU of vitamin D3 increased IFN-γ expression [63], 

while a single 100,000 IU dose of vitamin D2 showed no change [68]. Two studies evaluated 

vitamin D in combination with another chemical thought to modulate activity against MTB; 

5,000 IU of vitamin D3 given for 4 days alone or in combination with phenylbutyrate (PB) 

induced both circulating levels and transcript expression of the anti-microbial peptide 

LL-37 [65], while 50,000 IU doses with or without l-arginine showed no significant change 

in sputum culture conversion rate or x-ray involvement [66].

In summary, vitamin D given largely as an adjunctive therapy with traditional anti-TB 

regimens has little impact on clearance of MTB from sputum in larger randomized 

controlled trials of patients with active TB infection. However, certain sub-populations may 

demonstrate benefit, such as patients with: different polymorphisms of the vitamin D 

receptor, severely low vitamin D status, or infection with different strains of TB. There may 

be other benefits of vitamin D besides on the clearance of MTB from sputum, such as 

dampening the inflammatory response or anthropometric changes that may help TB patients 

recover in the long term.

Miscellaneous

Eight papers evaluated non-respiratory illness, with variable results. Negative findings were 

present for HIV patients, who experienced no improvements in viral load and CD4 

count [93], heart transplant recipients, who experienced no change in infection rates [92], and 

for a population of elderly adults who experienced no decrease in self-reported 

infections [89]. However, several studies yielded positive results. In elderly adults,1200 IU of 

vitamin D3 given daily reduced infection rates [88] while monthly, 60,000 IU doses of 

vitamin D3 caused a significant reduction in the amount of antibiotics used [90]. A 

population of pregnant women experienced a significant decrease in the combined odds of 

infection, preterm birth, preeclampsia, and gestational diabetes associated with each 10 

ng/mL increase in 25(OH)D concentration following supplementation, though the impact of 

vitamin D on rates of infection alone was not significant [95]. A 2000 IU daily dose of 

vitamin D3 given in addition to standard HCV treatment increased the response to treatment 

at 4, 12 and 24 weeks (p<0.01 at all points)[91], and calcitriol augmented the Th2 response 

necessary for eradication of protozoan infections in patients with schistosomiasis [94].

Adverse effects

A majority of studies reported no difference in adverse events between intervention and 

control groups, nor observed events deemed related to vitamin D [58-61, 63, 65-68, 70, 72, 

75-78, 80, 81, 83-87, 89, 91-95]. Mild hypercalcemia in the intervention group was reported 
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in 4 studies [62, 74, 88, 90] and a toxic level of 25(OH)D [71] was reported in 1 study, though 

no subsequent complications were reported. Two participants developed enlarging abscesses 

thought to be potentially due to the intervention in 1 study [62], and symptoms such as 

vomiting and diarrhea [69, 79] were identified in a small number of participants (n=4). 

Calcitriol administered with the influenza vaccination caused increased pain at the injection 

site [82].

Discussion

Although studies have consistently demonstrated an epidemiologic association between 

vitamin D deficiency and infectious processes [3-17], the evidence from controlled, 

interventional trials has been inconsistent. Vitamin D administration yielded at least 1 

positive endpoint in: 10 of 16 trials evaluating RTI and RTI-associated clinical conditions, 1 

of 3 trials evaluating pneumonia, 9 of 11 trials measuring TB treatment and prevention, and 

1 of 3 trials evaluating infections and antibiotic use. However, these positive endpoints were 

not necessarily the primary endpoints of their respective trials and were, at times, restricted 

to particular subgroups within the cohort. Ultimately, there was a high degree of variability 

between the results of the studies, making it difficult to draw a unifying conclusion on the 

impact of vitamin D on infectious outcomes. While the association between vitamin D 

deficiency and infection does not necessarily imply causation, it is possible that a causal 

relationship may be masked by several variables inherent to the current trials that contribute 

to the inconsistencies of results between studies.

Unlike vitamin D as treatment for bone health, the dose and duration of treatment necessary 

to optimize infectious outcomes is currently unknown. This lack of standardization has led 

to a variety of dosing strategies in the studies included in this review. For one, vitamin D 

was administered at intervals ranging from days to months. Although vitamin D 

administered daily, weekly, or monthly can sustain the same circulating concentrations of 

25(OH)D over an equivalent period of time [97], the high number of trials with daily dosing 

(more than 50% of studies)[58, 59, 65, 67, 69, 75, 76, 78-81, 83, 84, 86, 88, 89, 91, 92, 94, 

95] raises concerns over compliance; several large clinical trials have reported low 

adherence to daily doses of vitamin D [98, 99]. The doses of vitamin D3 also varied (300 [78] 

to 10,000 IU [59] for daily doses, 1,400 [87] to 60,000 IU [61, 87] for weekly doses and 

30,000 [90] to 600,000 IU [63] for single or monthly doses), as did the formulation. Although 

most trials used oral vitamin D3, 2 trials used vitamin D2
[68, 75], which is less effective than 

vitamin D3 at increasing 25(OH)D concentration when used at similar doses[100, 101]. 

Ultimately, some dosing strategies may have been inadequate.

The wide variation in individual response to vitamin D supplementation [102, 103] may have 

also led to some of the inconsistencies observed. While many physiologic characteristics 

impact response to vitamin D, including body composition [104] and genetic variations of the 

vitamin D binding protein [105], the factors most relevant to these studies are: baseline 

25(OH)D concentration [106] and VDR polymorphisms [107]. Though many studies did not 

measure baseline 25(OH)D [59, 66, 69-71, 75, 82, 83, 86, 87, 89, 92, 94], multiple studies observed 

results dependent on the baseline 25(OH)D concentration of participants. Improvements in 

severe COPD [74] and increases in IFN- γ production in TB patients [63] were only observed 
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in subsets that were vitamin D deficient at baseline, and the greatest reduction in influenza A 

incidence was observed in children naïve to vitamin D supplements [83]. Conversely, studies 

in several vitamin D sufficient [60] and nearly sufficient [77, 93] populations had negative 

results. The effectiveness of vitamin D in deficient individuals may be, in part, related to the 

inverse relationship between baseline 25(OH)D concentration and response to vitamin D 

administration [101, 108]. Individuals who are vitamin D sufficient at baseline achieve a lesser 

increase in 25(OH)D concentration compared to deficient individuals receiving 

supplementation[106], likely because larger vitamin D doses are required to raise 25(OH)D 

concentrations even higher above the range 25(OH)D range considered already sufficient 

(>30 ng/mL) [109]. Another potential reason for negative results in more sufficient 

populations is suggested by Heaney [110], who found that in order to assess the physiologic 

response to supplementation of a nutrient, a study must measure an increase in the 

concentration of that nutrient through the range at which the desired physiologic effects 

would occur. Thus, studies with subjects whose vitamin D status falls outside the range 

where the effects on infectious outcomes are seen may not demonstrate an improvement 

following supplementation. Sufficient populations that had improvements in infectious 

outcomes included CF patients [72] and children with previously untreated asthma [76]. These 

populations, who are at high risk for infection and inflammation at baseline, may benefit 

from smaller increases in 25(OH)D concentration than other populations. Positive results in 

similarly susceptible populations, including adults with a high-prevalence of Ig 

deficiencies [81] and an elderly subset of a trial performed on the general population [90], 

support this observation.

However, negative results were also seen in several studies performed in vitamin D deficient 

and insufficient individuals [61, 62, 80], indicating that factors besides baseline vitamin D 

status likely contribute to the inconsistencies between study results. Large, genome-wide 

association studies have identified variants of the VDR, in addition to other enzymes and 

genetic determinants that impact response to vitamin D supplementation [111, 112]. While 

evaluating genetic factors is not necessarily feasible at a population level, Martineau et al
[62] demonstrated that a particular subgroup analyzed based on genotype (TB patients with 

the tt genotype of the TaqI vitamin D receptor) had a significant acceleration in sputum 

culture conversion not seen in the population as a whole. Furthermore, a recent study has 

suggested that polymorphisms of the vitamin D binding protein, the major carrier protein for 

25(OH)D in circulation, may influence the amount of bioavailable serum 25(OH)D and thus 

be more reflective of true vitamin D status than total serum 25(OH)D [113]. It is possible that 

these and other genetic variations may also hide the effects of vitamin D in certain 

populations.

In spite of inconsistencies between study results, vitamin D consistently improved 

anthropometric measures. Improvements in growth and weight gain were seen in children 

and adults with, and at risk for, TB [58, 63, 67] and children whose mothers received high-

dose supplementation [85]. Similar improvements were seen in another trial in which low-

birth weight infants received vitamin D supplementation [114]. Only Wejse et al [60], which 

measured weight gain in vitamin D sufficient children with TB, showed no improvement. 
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Weight gain is a marker of clinical improvement in CF [115, 116], TB [117, 118] and HIV [119], 

among other infectious processes, and may be a valuable outcome measure in future studies.

Strengths of this review include its broad scope and inclusivity; prior reviews on vitamin D 

in infectious disease use more restrictions for paper selection or are more limited in their 

scope. This paper aimed to consolidate the varied information across numerous sources. In 

addition to limitations previously described regarding the high variability between included 

studies, the quality of some studies may be limiting. Although 36% of papers had an 

‘excellent methodology’ according to the scoring system we applied, many trials in this 

review measured infectious disease as secondary outcomes [75, 88, 92, 93, 95] or in a post-hoc 

analysis [64, 73, 78, 84, 86, 89, 90, 95]. These studies may not have been optimal for 

measurement of infectious outcomes. Furthermore, most trials are limited to only evaluating 

vitamin D as an adjunctive therapy to standard antibiotic treatment, as it would be unethical 

to withhold established antibiotic therapy in patients with infection in any randomized 

controlled trial.

Conclusion

Though vitamin D supplementation has promising effects on several infectious outcomes, 

inconsistencies between study results make it difficult to draw definitive, unifying 

conclusions. Positive results seem to occur more frequently in vitamin D deficient 

populations, in addition to those at high risk for infection and inflammation at baseline. This 

observation suggests that the effect of vitamin D may be masked in trials in the general 

population, where the variability in response to vitamin D supplementation between 

individuals may make it difficult to detect less robust improvements. Furthermore, the lack 

of an established dosing strategy for infectious outcomes leads to the use of many different 

doses and dosing intervals, which may have been inadequate in some studies. Overall, future 

studies must take note of previously effective dosing strategies and account for factors 

inherent in an individual, such as vitamin D status.
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Abbreviations

2 ° OC infectious disease was a secondary outcome in study

25D 25-hydroxyvitamin D

AE study-related adverse events

AMP antimicrobial peptide

CCl5 chemokine ligand 5

CD4 cluster of differentiation 4

CF cystic fibrosis
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COPD chronic obstructive pulmonary disease

d days

DM diabetes mellitus

ECP eosinophil cationic protein

FEV1 forced expiratory volume

HAI hemagglutination inhibition

HIV human immunodeficiency virus

hyperCa2+ hypercalcemia (mild hypercalcemia, 10.8-11.6 mg/dl)

IFN γ interferon γ

IL interleukin

IM intramuscular

IV intravenous

LL-37 cathelicidin

m months

MMP-9 matrix metalloproteinase 9

MTB mycoplasma tuberculosis

NGAL neutrophil gelatinase associated lipocalin

NO nitric oxide

(NP) information not published

(NS) not significant

PB phenylbutyrate

PO per os

QOL quality of life

RTI respiratory tract infection

TB tuberculosis

TNF-α Tumor necrosis factor- α

TST tuberculin skin test

VDR vitamin D receptor

VitD vitamin D

wk weeks

yr years
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Figure 1. 
Flow diagram of studies identified for review.
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