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a b s t r a c t 

Objectives: To determine whether weekly oral supplementation with 10,0 0 0 IU vitamin D 3 for 3 years 

reduces the risk of sensitization to M. tuberculosis in South African schoolchildren aged 6-11 years with 

negative QuantiFERON-tuberculosis (TB) Gold Plus (QFT-Plus) assay results at baseline. 

Methods: We conducted a phase 3 randomized placebo-controlled trial in 1682 children attending 23 

primary schools in Cape Town. The primary outcome was a positive end-trial QFT-Plus result, analyzed 

using a mixed effects logistic regression model with the school of attendance included as a random effect. 

Results: 829 vs. 853 QFT-Plus-negative children were randomized to receive vitamin D 3 vs. placebo, re- 

spectively. Mean end-study 25(OH)D concentrations in participants randomized to vitamin D vs. placebo 

were 104.3 vs 64.7 nmol/l, respectively (95% confidence interval for difference, 37.6 to 41.9 nmol/l). A total 

of 76/667 (11.4%) participants allocated to vitamin D vs. 89/687 (13.0%) participants allocated to placebo 

tested QFT-Plus positive at 3-year follow-up (adjusted odds ratio 0.86, 95% confidence interval 0.62-1.19, 

P = 0.35). 

Conclusion: Weekly oral supplementation with 10,0 0 0 IU vitamin D 3 for 3 years elevated serum 25(OH)D 

concentrations among QFT-Plus-negative Cape Town schoolchildren but did not reduce their risk of QFT- 

Plus conversion. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ealth Organization target of TB elimination by 2050 [1] . This tar- 

et cannot be met without the implementation of measures to pre- 

ent the acquisition of Mycobacterium tuberculosis infection [2] . In 

ountries with a high TB burden, such measures will need to fo- 

us particularly on schoolchildren, a group at particularly high risk 

f tuberculosis infection [ 3 , 4 ]. Existing effort s attempt to reduce

ransmission (e.g., by improved ventilation) [5] and boost immune 

esistance via repeat bacille Calmette-Guerin vaccination [6] . Vi- 

amin D supplementation has also been proposed [7] , based on 

he ability of 1,25-dihydroxyvitamin D (1,25[OH] 2 D, the biologically 

ctive vitamin D metabolite and steroid hormone) to induce in- 

ate antimycobacterial responses in vitro [8–11] , reported associa- 

ions between low circulating concentration of 25-hydroxyvitamin 

 (25[OH]D, the major circulating vitamin D metabolite and mea- 

ure of vitamin D status) and increased susceptibility to M. tuber- 

ulosis infection [12–16] , and findings of a randomized controlled 

rial (RCT) showing that oral vitamin D supplementation enhances 

he ability of whole blood to restrict mycobacterial growth ex vivo 

17] . 

Recently, a phase III RCT conducted in Mongolian schoolchil- 

ren reported no effect of weekly oral administration of 350 μg 

14,0 0 0 IU) vitamin D 3 on the risk of M. tuberculosis infection, 

s indicated by a positive QuantiFERON- tuberculosis (TB) Gold 

QFT-Gold) assay, which detects CD4 + T cell interferon (IFN)- γ re- 

ponses to M. tuberculosis antigens [18] . To determine whether this 

nding would be different in a lower-income setting with signif- 

cantly higher TB transmission, we conducted a second phase III 

CT among schoolchildren in Cape Town, South Africa, a city with 

ne of the highest TB burdens in the world [19] . This trial differed

n design from the sister trial in Mongolia by investigating the ef- 

ects of a different dosing regimen (250 μg [10,0 0 0 IU] vitamin D 3 

eekly) on QuantiFERON-TB Gold Plus (QFT-Plus) assay conversion. 

his fourth-generation assay represents an advance on QFT-Gold 

y allowing additional detection of CD8 + T cell IFN- γ responses 

o M. tuberculosis antigens, which may offer improved sensitivity 

or detection of immune conversion in recently exposed individu- 

ls [20] and children [21] . 

ethods 

rial design, setting, approvals, and registration 

We conducted a multicenter phase III double-blind individually 

andomized placebo-controlled trial in 23 government schools in 

he Klipfontein district of Cape Town, South Africa. This peri-urban 

rea is home to a socio-economically disadvantaged population 

ho have a very high TB disease burden [4] . The trial was spon-

ored by Queen Mary University of London, approved by the Uni- 

ersity of Cape Town Faculty of Health Sciences Human Research 

thics Committee (Ref: 796/2015) and the London School of Hy- 

iene and Tropical Medicine Observational/Interventions Research 

thics Committee (Ref: 7450-2) and registered on the South African 

ational Clinical Trials Register (DOH-27-0916-5527) and Clinical- 

rials.gov (ref NCT02880982). Trial monitoring was performed by 

nQ Research (Pty) Ltd (Randburg, South Africa). 

articipants 

Inclusion criteria were enrollment in Grades I-III at a participat- 

ng school; age 6 to 11 years at screening; and written informed 

ssent/consent to participate provided by children and their par- 

nt/legal guardian, respectively. Exclusion criteria were a history of 

revious latent TB infection, active TB disease, or any chronic ill- 

ess other than asthma (including known or suspected HIV infec- 

ion) before enrollment; use of any regular medication other than 

sthma medication; use of vitamin D supplements at a dose of 
64 
ore than 400 IU/day in the month before enrollment; plans to 

ove away from study area within 3 years of enrollment; inabil- 

ty to swallow a placebo soft gel capsule with ease; and clinical 

vidence of rickets or a positive QFT-Plus assay result at screening. 

nrollment 

Parents or legal guardians were invited to provide written in- 

ormed consent for their child to participate in the trial during a 

ome visit. If they agreed, they were asked to provide details re- 

arding their child’s eligibility to participate and risk factors for 

uberculosis infection. Potentially eligible children were then in- 

ited to provide written assent to participate in a school-based 

isit. If they agreed, a clinically trained member of the study team 

creened them for symptoms and signs of rickets, a blood sam- 

le was taken for a QFT-Plus assay, and separation and storage of 

erum for determination of 25(OH)D concentrations as described 

elow. Participants were reviewed when baseline QFT-Plus results 

ere available. Those with a positive result were excluded from 

he trial and screened for active TB; preventive therapy was not 

outinely offered where this was excluded, in line with local guide- 

ines. Those with an indeterminate result were excluded from the 

rial without screening for active TB. Those with a negative result 

ere deemed eligible to participate and underwent measurement 

f weight (using a digital floor scale, Charder Medical) and height 

using a portable HM200P stadiometer, Charder Medical). The first 

00 eligible participants to be enrolled were also invited to par- 

icipate in a safety sub-study, and those who agreed also provided 

 baseline urine sample for the determination of urinary calcium 

nd creatinine concentration at this visit. 

andomization and blinding 

Eligible participants were individually randomized to receive a 

eekly capsule containing vitamin D 3 or a placebo for 3 years, 

ith a one-to-one allocation ratio. Randomization was stratified 

y school of attendance (a potential predictor of risk of QFT con- 

ersion) as described in Supplementary Material. Treatment alloca- 

ion was concealed from participants, care providers, and all trial 

taff (including senior investigators and those assessing outcomes) 

o that the double-blind was maintained. 

ntervention 

Study medication comprised a 3-year course of weekly soft gel 

apsules manufactured by the Tishcon Corporation (Westbury, NY, 

SA), containing either 0.25 mg (10,0 0 0 international units) chole- 

alciferol (vitamin D 3 ) in olive oil (intervention arm) or olive oil 

ithout any vitamin D 3 content (placebo arm). Active and placebo 

apsules had identical appearance and taste. Capsules were taken 

nder direct observation of study staff during school term. During 

he summer holidays (8 weeks), packs containing eight doses of 

tudy medication were provided for administration by parents, to- 

ether with a participant diary. After shorter school holidays ( ≤4 

eeks), and/or if participants missed one or more doses of study 

edication during term time, up to 4 ‘catch-up’ doses were admin- 

stered at the first weekly visit attended after the missed dose(s). 

uring the initial national lockdown for COVID-19 in South Africa 

March 27 to May 01, 2020), participants did not receive any study 

edication. During subsequent school closures due to COVID-19, 

wo rounds of 8-week holiday packs were provided to participants, 

hich were sufficient to cover their requirements until schools re- 

pened. 

At weekly study visits during school terms, the study team cap- 

ured data on adverse events and supervised the administration of 

tudy capsules. Weight and height were measured at 3-monthly 
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Figure 1. Participant flow. QFT-Plus, QuantiFERON tuberculosis Gold Plus. 
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ntervals. At annual intervals, history of TB exposure was elicited 

nd physical examination for cervical lymphadenopathy was per- 

ormed. Any participant with symptoms suggestive of hypercal- 

emia or TB was evaluated by a clinical member of the team and 

eferred for further investigation or management as appropriate. 

t the 36-month visit, all participants were invited to provide a 

lood sample for QFT-Plus testing and separation and storage of 

erum for biochemical analyses. In addition to these assessments, 

afety sub-study participants were invited to give additional blood 
65 
nd urine samples at 6-, 12-, 24- and 36-month visits for determi- 

ation of serum concentrations of 25(OH)D 3 , albumin and calcium 

nd urine concentrations of calcium and creatinine. 

utcomes 

The primary outcome was the QuantiFERON-TB Gold Plus result 

t the manufacturer-recommended 0.35 IU/ml threshold at the end 

f the study. Secondary efficacy outcomes were the QuantiFERON- 
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B Gold Plus result at the 4.0 IU/ml IFN- γ threshold at the 

nd of the study (previously reported as denoting sustained con- 

ersion) [6] ; antigen-stimulated IFN- γ concentration; incident TB 

isease; and serum 25(OH)D 3 concentrations at the end of the 

tudy. Safety outcomes were death, serious adverse events, adverse 

vents leading to discontinuation of study medication, and other 

onitored safety conditions: hypercalcemia (serum-adjusted cal- 

ium concentration > 2.75 mmol/l, confirmed on two samples), hy- 

ervitaminosis D (25[OH]D 3 concentration > 220 nmol/l) and renal 

tones. Additional outcomes assessed in safety sub-study partici- 

ants were serum-adjusted calcium concentrations of 25(OH)D 3 at 

, 12, and 24 months, and urinary calcium: creatinine ratios at 6, 

2, 24, and 36 months. 

aboratory assessments 

QFT-Plus assays were performed by the Bio Analytical Research 

orporation South Africa (Johannesburg, South Africa) according 

o the manufacturer’s instructions, with positivity adjudicated at 

.35 IU/ml and 4.0 IU/ml IFN- γ thresholds. Serum concentrations 

f 25(OH)D 3 were measured at the University of East Anglia (Nor- 

ich, UK) using liquid chromatography-tandem mass spectrometry 

LC-MS/MS) as previously described [22] . 25(OH)D 3 was calibrated 

sing standard reference material SRM972a from the National In- 

titute of Science and Technology (NIST), and the assay showed lin- 

arity between 0 and 200 nmol/l. The inter/intra-assay coefficient 

f variation (CV) across the assay range was ≤9% and the lower 

imit of quantification was 0.1 nmol/l. The assay showed < 6% ac- 

uracy bias against NIST reference method on the vitamin D ex- 

ernal quality assessment (DEQAS) scheme ( http://www.deqas.org/ ; 

ccessed on November 30, 2022). Serum concentrations of total 

alcium, albumin, and creatinine and urine concentrations of to- 

al calcium and creatinine were measured at the University of East 

nglia by spectrophotometric methods on the Cobas c501 platform 

Roche Diagnostics, Germany) according to the manufacturer’s in- 

tructions. The inter-assay CVs for total calcium and albumin were 

2.1% across the assay working ranges of 0.2 to 7.5 mmol/l and 2 

o 60 g/l. Albumin-adjusted calcium was calculated as (4 − albu- 

in concentration in g/dl) × 0.8 + total serum calcium concentra- 

ion in mg/dl. Urine creatinine was analyzed using a Roche 2nd 

eneration assay based on the Jaffé method. The inter-assay CV 

anged from 1.3% to 2.1% and the intra-assay CV ranged between 

.6% to 4.0% across the assay working range of 0.015 to 55 mmol/l. 

rinary calcium: creatinine ratios were calculated using molar con- 

entrations of each analyte. 

ample size 

Assuming a 3.5% annual risk of TB infection, 20% loss to follow- 

p, and a 5% risk of an indeterminate QFT-Plus assay result at the 

nd of the study, we calculated that a total of 5400 participants 

ould need to be randomized to detect a 25% reduction in the pro- 

ortion of children with a positive QFT-Plus assay result at 3-year 

ollow-up with 80% power and 5% type 1 error. Target sample size 

as not achieved because of poorer-than-expected recruitment and 

 lack of funding to extend the recruitment period. Enrollment was 

erminated in March 2019, with the agreement of the independent 

rial Steering Committee, at which point a total of 1682 partici- 

ants had been randomized. 

tatistical analyses 

Statistical analyses were performed using Stata software (Ver- 

ion 17.0; StataCorp, College Station, Texas, United States) accord- 

ng to intention to treat. Effects of treatment on dichotomous out- 

omes were estimated by fitting allocation (vitamin D vs placebo) 
66 
s the sole fixed effect in a mixed-effects logistic regression model 

ith school of attendance included as a random effect (intercept). 

esults are reported as odds ratios with 95% confidence inter- 

als (CIs). A secondary analysis of the primary outcome was con- 

ucted including the following pre-specified list of covariates an- 

icipated to associate with the risk of QFT-Plus conversion: age, 

ex, month of sampling, household TB contact, baseline deseason- 

lized 25(OH)D concentration and household exposure to tobacco 

moke. 

Effects of allocation to vitamin D vs placebo on continuous out- 

omes were estimated using mixed effects linear regression with 

chool of attendance as a random effect and results reported as 

reatment differences with 95% CIs. Concentrations of IFN- γ in su- 

ernatants of end-study QFT-Plus assays in test-positive partici- 

ants with were log-transformed before analysis. Baseline z-scores 

or body mass index-for-age and height-for-age were calculated 

sing the WHO 2007 Z-Score Lambda, Mu, and Sigma methods 

23] . Season-adjusted (deseasonalized) values for baseline 25(OH)D 

ere calculated for each participant using a sinusoidal model as 

reviously described [15] . Pre-specified sub-group analyses were 

onducted to determine whether the effect of vitamin D supple- 

entation on end-trial QFT-Plus status was modified by baseline 

itamin D status. These were performed by repeating primary ef- 

cacy analyses with the inclusion of an interaction term between 

llocation (to vitamin D vs placebo) and baseline serum 25(OH)D 3 

oncentration ( < 75 vs ≥75 nmol/l), with presentation of the P - 

alue associated with this interaction term. Pre-specified sensitiv- 

ty analyses excluding data from participants who took fewer than 

0% of doses of study medication were not conducted, as adher- 

nce to study medication during school closures due to COVID-19 

ockdowns was not assessed. Interim safety assessments, where In- 

ependent Data Monitoring Committee (IDMC) members reviewed 

ccumulating serious adverse event data (all participants) and bio- 

hemical outcomes (safety sub-study participants only) by study 

rm, were performed at 6-monthly intervals. At each review, the 

SMB recommended continuation of the trial. No interim efficacy 

nalysis was performed. 

esults 

articipants 

Parental consent was obtained for 2852 children from March 

017 to March 2019. A total of 2271 children underwent QFT-Plus 

esting, of whom 1682 (74.1%) had negative results and were ran- 

omly assigned to receive vitamin D 3 (829 participants) or placebo 

853 participants; Figure 1 ). Reasons for ineligibility are provided 

n Table S1. The mean age of the children at enrollment was 8.9 

ears (SD 1.4), 52.4% were female and 97.9% were of Xhosa ethnic 

rigin. The mean deseasonalized serum 25(OH)D 3 level at baseline 

as 71.2 nmol/l (SD 14.8), and 63.2% of participants had deseason- 

lized serum 25(OH)D 3 concentration < 75 nmol/l. Participant char- 

cteristics were balanced between those randomized to vitamin D 

s placebo ( Table 1 ). 

The median duration of follow-up was 3.16 years (interquartile 

ange, 2.83 to 3.38 years) and was not different between the two 

tudy arms. Valid end-trial QFT-Plus results were obtained for 1354 

articipants (80.5% of those randomized) who were included in the 

nalysis of the primary outcome. Mean end-trial serum 25(OH)D 3 

oncentrations were higher among children randomized to receive 

itamin D versus placebo (104.3 vs 64.7 nmol/l, respectively; mean 

ifference 39.7 nmol/l, 95% CI for difference 37.6 to 41.9 nmol/l; 

igure 2 ). At the end of the trial, 90.4% of children in the vitamin

 group and 25.0% in the placebo group had serum 25(OH)D 3 con- 

entration ≥75 nmol/l ( P < 0.001). 

http://www.deqas.org/
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Table 1 

Participants’ baseline characteristics by allocation. 

Overall (n = 1682) Vitamin D arm 

(n = 829) 

Placebo arm 

(n = 853) 

Mean age, years (SD) 8.9 (1.4) 8.9 (1.4) 8.8 (1.3) 

Female sex, n (%) a 880 (52.4) 437 (52.8) 443 (51.9) 

Ethnic origin a Xhosa, n (%) 1615 (97.9) 788 (97.3) 827 (98.5) 

Other, n (%) 35 (2.1) 22 (2.7) 13 (1.5) 

Type of residence Brick, n (%) 867 (51.5) 423 (51.0) 444 (52.1) 

Informal, n(%) 815 (48.5) 406 (49.0) 409 (47.9) 

Parental education a , b Primary school, n (%) 60 (3.6) 34 (4.1) 26 (3.1) 

Secondary school or higher, n (%) 1618 (96.4) 792 (95.9) 826 (96.9) 

Mean monthly household income, 1000 South African 

Rand (SD) 

1.9 (2.2) 1.8 (2.1) 2.0 (2.2) 

Household environmental tobacco smoke, n (%) 228 (13.6) 127 (15.3) 101 (11.8) 

Previous household pulmonary tuberculosis contact, n (%) 245 (14.6) 130 (15.7) 115 (13.5) 

Bacille Calmette-Guerin scar, n (%) 1634 (97.1) 807 (97.3) 827 (97.0) 

Mean body mass index-for-age z-score (SD) a 0.3 (1.1) 0.3 (1.1) 0.3 (1.0) 

Mean height-for-age z-score (SD) a -0.6 (1.2) -0.6 (1.3) -0.5 (1.1) 

Mean serum 25(OH)D 3 concentration, nmol/l (s.d.) a , c 71.2 (14.8) 71.2 (14.5) 71.1 (15.0) 

Missing (N (%)) 318 (18.9) 159 (19.2) 159 (18.6) 

Serum 25(OH)D 3 concentration, category a , c < 25 nmol/l, n (%) 1 (0.1) 0 (0.0) 1 (0.1) 

≥ 25 nmol/l & < 50 nmol/l, n (%) 74 (5.4) 34 (5.1) 40 (5.8) 

≥50 nmol/l & < 75 nmol/l, n (%) 787 (57.7) 394 (58.8) 393 (56.6) 

≥75 nmol/l, n (%) 502 (36.8) 242 (36.1) 260 (37.5) 

Abbreviations: 25(OH)D 3 , 25-hydroxyvitamin D 3 . 
a Missing data (sex, n = 2 vitamin D arm, n = 0 placebo arm; ethnicity, n = 19 vitamin D arm, n = 13 placebo arm; parental education, n = 3 vitamin D arm, n = 1 

placebo arm; body mass index-for-age z-score, n = 2 vitamin D arm, n = 0 placebo arm; height-for-age z-score, n = 2 vitamin D arm, n = 0 placebo arm; serum 25(OH)D3 

concentration, n = 159 vitamin D arm, n = 159 placebo arm). 
b highest level of education of at least one parent; 
c Deseasonalized values. 

Figure 2. Serum 25(OH)D 3 concentrations by allocation and time point. (a) serum 25(OH)D 3 concentrations by allocation at baseline and 3-year follow-up, all participants. 

(b) serum 25(OH)D 3 concentrations by allocation at baseline and 6-month, 1-year, 2-year and 3-year follow-up, safety sub-study participants. Horizontal bars denote mean 

values. 25(OH)D 3 , 25-hydroxyvitamin D 3 . 
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uantiFERON-tuberculosis Gold Plus (QFT-Plus)outcomes 

The proportion of participants with a positive end-trial QFT- 

lus result at the 0.35 IU/ml IFN- γ threshold (primary outcome) 

as similar for those randomized to vitamin D vs placebo (76/667 

11.4%] vs 89/687 [13.0%] respectively; adjusted odds ratio [aOR] 

.86, 95% CI 0.62 to 1.19, P = 0.35; Table 2 ). The corresponding re-

ult from the secondary multiple regression analysis described in 

ethods was as follows: aOR 0.82, 95% CI 0.59 to 1.15, P = 0.25. 

his analysis involved multiple imputations (10 imputed analy- 

es) on baseline deseasonalized 25(OH)D concentration (regressed 

n age, sex, and household TB exposure) since 260/1354 [19.2%] 

60/1354 (19.2%) of observations were missing for this variable. 

roportions of children with a positive end-trial QFT-Plus result at 

he 4.0 IU/ml IFN- γ threshold were also similar for those random- 

zed to vitamin D vs placebo (25/667 [3.7%] vs 19/687 [2.8%] re- 

pectively; aOR 1.34, 95% CI 0.73 to 2.46, P = 0.35; Table 2 ). Sub-

roup analyses evaluating the effects of the intervention among 

articipants with lower vs higher baseline 25(OH)D concentra- 
3 

67 
ions ( < 75 vs ≥75 nmol/l) revealed no evidence to suggest effect 

odification by baseline vitamin D status, either for QFT-Plus con- 

ersion at the 0.35 IU/ml IFN- γ threshold ( P for interaction 0.38) 

r the 4.0 IU/ml IFN- γ threshold ( P for interaction 0.74; Table 2 ).

n the subset of participants with positive end-trial QFT-Plus re- 

ults at the 0.35 IU/ml IFN- γ threshold, allocation to vitamin D vs 

lacebo did not influence mean antigen-stimulated IFN- γ concen- 

rations in supernatants, either overall or in sub-groups defined ac- 

ording to baseline 25(OH)D 3 concentration (Table S2, Supplemen- 

ary Material). 

ctive tuberculosis 

Incident active TB was diagnosed during follow-up in 0/829 par- 

icipants randomized to vitamin D vs 3/853 (0.4%) participants ran- 

omized to placebo. The associated odds ratio was not calculated 

ue to the absence of active TB cases arising among participants 

llocated to vitamin D. 
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Table 2 

Proportions of participants with a positive end-study QFT-Plus result by allocation: overall and by baseline serum 25(OH)D 3 concentration. 

Vitamin D arm, 

n/N (%) 

Placebo arm, n/N (%) Adjusted odds ratio (95% 

confidence interval) a 
P -value b P for 

interaction c 

Proportion QFT-Plus positive at the 

0.35 IU/ml IFN- γ threshold (primary 

outcome) 

Overall 76/667 (11.4) 89/687 (13.0) 0.86 (0.62 to 1.19) 0.35 –

Baseline 25(OH)D 3 

< 75 nmol/l d 
36/338 (10.7) 45/356 (12.9) 0.80 (0.50 to 1.28) 0.35 0.38 

Baseline 25(OH)D 3 

≥75 nmol/l d 
27/195 (13.8) 26/205 (12.7) 1.11 (0.62 to 1.98) 0.73 

Proportion QFT-Plus positive at the 4.0 

IU/ml IFN- γ threshold (secondary 

outcome) 

Overall 25/667 (3.7) 19/687 (2.8) 1.34 (0.73 to 2.46) 0.35 –

Baseline 25(OH)D 3 

< 75 nmol/l d 
12/338 (3.6) 11/356 (3.1) 1.14 (0.49 to 2.64) 0.76 0.74 

Baseline 25(OH)D 3 

≥75 nmol/l d 
7/195 (3.6) 5/205 (2.4) 1.49 (0.46 to 4.78) 0.50 

Abbreviations: 25(OH)D 3 , 25-hydroxyvitamin D 3 ; IFN- γ , Interferon-gamma; QFT-Plus, QuantiFERON tuberculosis gold plus. 
a Adjusted for school of attendance; 
b P for within-group or within-subgroup comparison between study arms; 
c Applicable to sub-group analyses only; 
d Deaseasonalized values. 

Table 3 

Adverse events by allocation. 

Vitamin D arm Placebo arm 

No. of events Participants with 

≥1 event 

No. of events Participants with 

≥1 event 

Death a 0 0 1 1 

Non-fatal serious adverse events a 11 8 9 8 

Non-fatal adverse event leading to 

discontinuation of study medication 

0 0 0 0 

Other monitored safety conditions Hypercalcemia b 0 0 0 0 

Hypervitaminosis 

D 

c 

0 0 0 0 

Renal stones 0 0 0 0 

a Details in Appendix Table S4; 
b Defined as serum adjusted calcium concentration > 2.75 mmol/l confirmed on repeat testing; 
c Defined as serum 25-hydroxyvitamin-D 3 concentration > 220 nmol/l. 
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iochemical outcomes, safety sub-study 

Among children participating in the safety sub-study, mean 

erum 25(OH)D 3 concentrations were consistently higher among 

hose allocated to vitamin D vs placebo at 6, 12, 24, and 36 months 

ost-randomization ( Figure 2 , Table S3). This was not associated 

ith any inter-arm differences in mean adjusted calcium concen- 

ration or mean urinary calcium: creatinine molar ratio at any 

ollow-up time point (Table S3). No safety sub-study participant 

xperienced hypervitaminosis D (serum 25[OH]D 3 concentration 

 220 nmol/l), hypercalcemia (adjusted serum calcium concentra- 

ion > 2.75 mmol/l), or hypercalciuria (urinary calcium: creatinine 

olar ratio > 1.00) at any follow-up timepoint. 

dverse events 

One child (allocated to placebo) died during the trial, and 16 

hildren (eight in the vitamin D group and eight in the placebo 

roup) had one or more non-fatal serious adverse events ( Table 3 , 

upplementary Table S4). None of these events was adjudged to be 

elated to administration of vitamin D or placebo. 

iscussion 

We report findings of the first RCT of vitamin D supplemen- 

ation to prevent tuberculosis infection to be conducted in Africa. 

n a cohort of schoolchildren without evidence of tuberculosis in- 

ection at baseline, administration of oral vitamin D 3 at a weekly 

ose of 250 μg (10,0 0 0 IU) for a period of 3 years was found to be

afe and effective in elevating circulating 25(OH)D concentrations. 
68 
owever, this intervention did not reduce the risk of QFT-Plus con- 

ersion, either at the standard threshold of 0.35 IU/ml IFN- γ or at 

 higher threshold (4.0 IU/ml IFN- γ ) that has been reported to as- 

ociate with sustained conversion [6] . Effects of the intervention 

ere not modified by baseline vitamin D status. 

Null findings from this trial contrast with positive results of 

bservational studies reporting independent associations between 

ow vitamin D status and increased risk of tuberculosis infection in 

outh Africa [12] and elsewhere [13–16] . However, they are consis- 

ent with the results of another phase III trial of vitamin D supple- 

entation for tuberculosis prevention in schoolchildren, conducted 

n Mongolia, in which a 3-year course of weekly oral vitamin D 

upplementation at a dose of 350 μg (14,0 0 0 IU) did not influence 

isk of QFT conversion or active tuberculosis in schoolchildren with 

ery low baseline vitamin D status [18] . Of note, another large RCT 

f oral vitamin D supplementation in HIV-infected adults in Tan- 

ania reported no effect of the intervention on the risk of incident 

ulmonary tuberculosis [24] . Null results from this RCT and our 

wn should be interpreted in the context of participants’ relatively 

igh baseline vitamin D status: their findings should not be gen- 

ralized to populations with significantly lower baseline vitamin D 

tatus. 

Inconsistent findings from observational studies vs RCT in this 

eld may reflect the fact that observational studies are more sus- 

eptible to confounding or (in the case of cross-sectional studies) 

everse causality, whereby M. tuberculosis may reduce circulating 

5(OH)D concentrations by perturbing host vitamin D metabolism 

25] or by metabolizing cholecalciferol itself [26] . However, RCT 

lso has methodological limitations. Null results from our study 

ay reflect type II error, particularly for the secondary outcome 

f active TB, which arose in just three participants. The question of 
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hether vitamin D may reduce risk of active TB in children there- 

ore remains open [27–29] . For the primary outcome, this problem 

as offset by a higher-than-expected incidence of QFT-Plus con- 

ersion (12.2% observed vs 10.1% anticipated in the power calcu- 

ation), and lower-than-expected incidence of indeterminate QFT- 

lus results at follow-up (0.2% observed vs 5% anticipated in the 

ower calculation). In addition, administration of study medica- 

ion was suspended for 8 weeks because of school closures trig- 

ered by the COVID-19 pandemic. This interruption occurred late 

n the trial when participants randomized to intervention would 

ave achieved steady-state vitamin D status, and the long half-life 

f 25(OH)D in the circulation (1-2 months) [30] makes it likely that 

n inter-arm difference in vitamin D status was maintained dur- 

ng this break. The relatively short period of interruption (account- 

ng for just 4.9% of median follow-up time), and demonstration of 

lear differences in end-study vitamin D status between children 

andomized to intervention vs control provide reassurance that the 

nterruption did not have a sustained impact on 25(OH)D levels in 

he intervention arm. Profound vitamin D deficiency (25[OH]D < 25 

mol/l) at baseline was rare, so our findings should not be gener- 

lized to populations with very low vitamin D status: however, we 

ighlight that null findings from the sister trial in Mongolia [18] , 

here profound vitamin D deficiency was prevalent at baseline, do 

ot suggest a protective effect of vitamin D against tuberculosis in- 

ection even in this sub-group. 

Our study also has several strengths. Chief among them was 

he RCT design, which was effective in distributing risk factors for 

uberculosis infection evenly between arms ( Table 1 ). Direct ob- 

ervation of administration of study medication during term time, 

ith parental administration during holiday periods, was effective 

n achieving a high degree of adherence, reflected by significant 

ncreases in serum 25(OH)D concentrations observed among par- 

icipants randomized to intervention. A further strength was our 

se of the QFT-Plus assay, which (in contrast to the QFT-Gold assay 

mployed in the trial by Ganmaa et al. ) [18] includes an additional 

lood tube containing peptides targeted to the induction of IFN- γ
esponses from CD8 + cytotoxic T lymphocytes [31] . This may offer 

mproved sensitivity for the detection of tuberculosis infection in 

ecently exposed individuals [20] and in young children [21] . 

In conclusion, this phase III RCT showed that a 3-year course 

f weekly oral vitamin D supplementation was safe and effective 

n elevating serum 25(OH)D concentrations among South African 

choolchildren aged 6-11 years at baseline. However, the interven- 

ion did not reduce risk of acquiring M. tuberculosis infection, as 

videnced by QFT-Plus assay conversion. 
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