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Highlights

¢ We did a clinical trial of vitamin D to prevent TB infection in 1,682 children.

o 63.2% of participants had serum 25(0OH)D <75 nmol/L at baseline.

e The intervention was weekly oral administration of 10,000 IU vitamin D3 for 3 years.
e This was effective in elevating 25(OH)D levels at follow-up.

e The intervention did not influence risk of QFT Plus conversion.
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ABSTRACT

BACKGROUND
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Vitamin D metabolites induce innate antimycobacterial responses in vitro.
Observational studies consistently report independent associations between vitamin

D deficiency and increased susceptibility to Mycobacterium tuberculosis infection.

METHODS

We conducted a randomised placebo-controlled trial to determine whether weekly
oral supplementation with 10,000 IU vitamin D3 for 3 years reduced risk of
sensitisation to M. tuberculosis in Cape Town schoolchildren aged 6-11 years with
negative QuantiFERON-TB Gold Plus (QFT-Plus) assay results at baseline. The
primary outcome was a positive end-trial QFT-Plus result, analysed using a mixed
effects logistic regression model with school of attendance included as a random

effect.

RESULTS

1682 children attending 23 schools were randomised (829 to vitamin D, 853 to
placebo). Mean end-study 25(OH)D concentrations in participants randomised to
vitamin D vs. placebo were 104.3 vs. 64.7 nmol/L, respectively (95% CI for
difference, 37.6 to 41.9 nmol/L). 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% CI 0.62 to 1.19, P=0.35).

CONCLUSIONS
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Weekly oral supplementation with 10,000 IU vitamin D3 for 3 years elevated serum
25(0OH)D concentrations among Cape Town schoolchildren but did not reduce their

risk of QFT-Plus conversion.
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INTRODUCTION

The global resurgence of tuberculosis following the COVID-19 pandemic has re-
focused attention on strategies to achieve the World Health Organisation target of
TB elimination by 2050 [1]. This target cannot be met without implementation of
measures to prevent acquisition of M. tuberculosis infection [2]. In countries with a
high TB burden, such measures will need to focus particularly on schoolchildren, a
group at particularly high risk of tuberculosis infection [3, 4]. Existing efforts attempt
to reduce transmission (e.g. by improved ventilation) [5] and boost immune
resistance via repeat BCG vaccination [6]. Vitamin D supplementation has also been
proposed [7], based on the ability of 1,25-dihydroxyvitamin D (1,25[0OH].D, the
biologically active vitamin D metabolite and steroid hormone) to induce innate
antimycobacterial responses in vitro,[8-11] reported associations between low
circulating concentration of 25-hydroxyvitamin D (25[OH]D, the major circulating
vitamin D metabolite and measure of vitamin D status) and increased susceptibility
to M. tuberculosis infection [12-16], and findings of a randomised controlled trial
(RCT) showing that oral vitamin D supplementation enhances the ability of whole

blood to restrict mycobacterial growth ex vivo [17].

Recently, a phase 3 RCT conducted in Mongolian schoolchildren reported no effect
of weekly oral administration of 350 ug (14,000 IU) vitamin D3 on risk of M.
tuberculosis infection, as indicated by a positive QuantiFERON-TB Gold (QFT-Gold)
assay, which detects CD4+ T cell IFN-y responses to M. tuberculosis antigens.[18] In
order to determine whether this finding would be different in a lower-income setting

with significantly higher TB transmission, we conducted a second phase 3 RCT
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among schoolchildren in Cape Town, South Africa, a city with one of the highest TB
burdens in the world [19]. This trial differed in design from the sister trial in Mongolia
by investigating effects of a different dosing regimen (250 ug [10,000 1U] vitamin D3
weekly) on QuantiFERON-TB Gold Plus (QFT-Plus) assay conversion. This fourth-
generation assay represents an advance on QFT-Gold by allowing additional
detection of CD8+ T cell IFN-y responses to M. tuberculosis antigens, which may
offer improved sensitivity for detection of immune conversion in recently exposed

individuals [20] and children [21].
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METHODS

TRIAL DESIGN, SETTING, APPROVALS AND REGISTRATION

We conducted a multicentre phase 3 double-blind individually randomised placebo-
controlled trial in 23 government schools in the Klipfontein district of Cape Town,
South Africa. This peri-urban area is home to a socio-economically disadvantaged
population who have a very high TB disease burden [4]. The trial was sponsored by
Queen Mary University of London, approved by the University of Cape Town Faculty
of Health Sciences Human Research Ethics Committee (Ref: 796/2015) and the
London School of Hygiene and Tropical Medicine Observational/Interventions
Research Ethics Committee (Ref: 7450-2) and registered on the South African
National Clinical Trials Register (DOH-27-0916-5527) and ClinicalTrials.gov (ref
NCT02880982). Trial monitoring was performed by OnQ Research (Pty) Ltd

(Randburg, South Africa).

PARTICIPANTS

Inclusion criteria were enrolment in Grades 1-4 at a participating school; age 6 to 11
years at screening; and written informed assent / consent to participate provided by
children and their parent / legal guardian, respectively. Exclusion criteria were a
history of previous latent TB infection, active TB disease or any chronic illness other
than asthma (including known or suspected HIV infection) prior to enrolment; use of
any regular medication other than asthma medication; use of vitamin D supplements

at a dose of more than 400 IU/day in the month before enrolment; plans to move
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away from study area within 3 years of enrolment; inability to swallow a placebo soft
gel capsule with ease; and clinical evidence of rickets or a positive QFT-Plus assay

result at screening.

ENROLMENT

Parents or legal guardians were invited to provide written informed consent for their
child to participate in the trial during a home visit. If they agreed, they were asked to
provide details regarding their child’s eligibility to participate and risk factors for
tuberculosis infection. Potentially eligible children were then invited to provide written
assent to participate at a school-based visit. Ii they agreed, a clinically trained
member of the study team screened them for symptoms and signs of rickets, a blood
sample was taken for a QFT-Plus assay and separation and storage of serum for
determination of 25(OH)D concentrations as described below. Participants were
reviewed when baseline QFT-Plus results were available. Those with a positive
result were excluded from the trial and screened for active TB; preventive therapy
was not routinely offered where this was excluded, in line with local guidelines.
Those with an indeterminate result were excluded from the trial without screening for
active TB. Those with a negative result were deemed eligible to participate and
underwent measurement of weight (using a digital floor scale, Charder Medical) and
height (using a portable HM200P stadiometer, Charder Medical). The first 200
eligible participants to be enrolled were also invited to participate in a safety sub-
study, and those who agreed also provided a baseline urine sample for

determination of urinary calcium and creatinine concentration at this visit.
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RANDOMISATION AND BLINDING

Eligible participants were individually randomised to receive a weekly capsule
containing vitamin D3 or placebo for three years, with a one-to-one allocation ratio.
Randomisation was stratified by school of attendance (a potential predictor of risk of
QFT conversion) as described in Supplementary Material. Treatment allocation was
concealed from participants, care providers and all trial staff (including senior
investigators and those assessing outcomes) so that the double-blind was

maintained.

INTERVENTION

Study medication comprised a 3-year course of weekly soft gel capsules
manufactured by the Tishcon Corporation (Westbury, NY, USA), containing either
0.25 mg (10,000 international units) cholecalciferol (vitamin D3) in olive oil
(intervention arm) or olive oil without any vitamin D3 content (placebo arm). Active
and placebo capsules had identical appearance and taste. Capsules were taken
under direct observation of study staff during school termtime. During summer
holidays (8 weeks), packs containing 8 doses of study medication were provided for
administration by parents, together with a participant diary. Following shorter school
holidays (<4 weeks), and/or if participants missed one or more doses of study
medication during term time, up to 4 ‘catch-up’ doses were administered at the first
weekly visit attended following the missed dose(s). During the initial national
lockdown for COVID-19 in South Africa (27th March to 1% May 2020), participants did

not receive any study medication. During subsequent school closures due to COVID-

10
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19, two rounds of 8-week holiday packs were provided to participants, which were

sufficient to cover their requirements until schools re-opened.

At weekly study visits during school terms, the study team captured data on adverse
events and supervised the administration of study capsules. Weight and height were
measured at 3-monthly intervals. At annual intervals, history of TB exposure was
elicited and physical examination for cervical lymphadenopathy was performed. Any
participant with symptoms suggestive of hypercalcaemia or TB were evaluated by a
clinical member of the team and referred for further investigation or management as
appropriate. At the 36-month visit all participants were invited to provide a blood
sample for QFT-Plus testing and separation and storage of serum for biochemical
analyses. In addition to these assessments, safety sub-study participants were
invited to give additional blood and urine samples at 6-, 12-, 24- and 36-month visits
for determination of serum concentrations of 25(OH)D3, albumin and calcium and

urine concentrations of calcium and creatinine.

OUTCOMES

The primary outcome was the QuantiFERON-TB Gold Plus result at the
manufacturer-recommended 0.35 IU/mL threshold at the end of the study.
Secondary efficacy outcomes were the QuantiFERON-TB Gold Plus result at the 4.0
IU/mL IFN-y threshold at the end of the study (previously reported as denoting
sustained conversion);[6] antigen-stimulated IFN-y concentration; incident TB
disease; and serum 25(OH)D3; concentrations at the end of the study. Safety
outcomes were death, serious adverse events, adverse events leading to

discontinuation of study medication, and other monitored safety conditions:

11
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hypercalcemia (serum adjusted calcium concentration >2.75 mmol/L, confirmed on
two samples), hypervitaminosis D (25[OH]D3; concentration >220 nmol/L) and renal
stones. Additional outcomes assessed in safety sub-study participants were serum
adjusted calcium concentrations of 25(OH)D3 at 6, 12 and 24 months, and urinary

calcium: creatinine ratios at 6, 12, 24 and 36 months.

LABORATORY ASSESSMENTS

QFT-Plus assays were performed by the Bio Analytical Research Corporation South
Africa (Johannesburg, South Africa) according to the manufacturer’s instructions,
with positivity adjudicated at 0.35 IU/mL and 4.0 IU/mL IFN-y thresholds. Serum
concentrations of 25(OH)D; were measured at the University of East Anglia
(Norwich, UK) using liquid chromatography tandem mass spectrometry (LC-MS/MS)
as previously described [22]. 25(OH)D3; was calibrated using standard reference
material SRM972a from the National Institute of Science and Technology (NIST),
and the assay showed linearity between 0 and 200 nmol/L. The inter/intra-assay
coefficient of variation (CV) across the assay range was <9%, and the lower limit of
guantification was 0.1 nmol/L. The assay showed <6% accuracy bias against NIST
reference method on the vitamin D external quality assessment (DEQAS) scheme

(http://www.degas.org/; accessed on 30" November 2022). Serum concentrations of

total calcium, albumin and creatinine and urine concentrations of total calcium and
creatinine were measured at the University of East Anglia by spectrophotometric
methods on the Cobas c501 platform (Roche Diagnostics, Germany) according to
the manufacturer’s instructions. 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 to 60 g/L.

12
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Albumin-adjusted calcium was calculated as (4 — albumin concentration in g/dL) x
0.8 + total serum calcium concentration in mg/dL. Urine creatinine was analysed
using a Roche 2nd generation assay based on the Jaffé method. The inter-assay CV
ranged from 1.3% to 2.1% and the intra-assay CV ranged between 1.6% to 4.0%
across the assay working range of 0.015 to 55 mmol/L. Urinary calcium: creatinine

ratios were calculated using molar concentrations of each analyte.

SAMPLE SIZE

Assuming a 3.5% annual risk of TB infection, 20% loss to follow-up and a 5% risk of
an indeterminate QFT-Plus assay result at the end of the study, we calculated that a
total of 5,400 participants would need to be randomised to detect a 25% reduction in
the proportion of children with a positive QFT-Plus assay result at 3-year follow-up
with 80% power and 5% type 1 error. Target sample size was not achieved because
of poorer than expected recruitment and a lack of funding to extend the recruitment
period. Enrolment was terminated in March 2019, with the agreement of the
independent Trial Steering Committee , at which point a total of 1682 participants

had been randomised.

STATISTICAL ANALYSES

Statistical analyses were performed using Stata software (Version 17.0; StataCorp,
College Station, Texas, United States) according to intention to treat. Effects of
treatment on dichotomous outcomes were estimated by fitting allocation (vitamin D

vs. placebo) as the sole fixed effect in a mixed effects logistic regression model with

13
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school of attendance included as a random effect (intercept). Results are reported as
odds ratios with 95% confidence intervals. A secondary analysis of the primary
outcome was conducted including the following pre-specified list of covariates
anticipated to associate with risk of QFT-Plus conversion: age, sex, month of
sampling, household TB contact, baseline deseasonalised 25(OH)D concentration
and household exposure to tobacco smoke.

Effects of allocation to vitamin D vs. placebo on continuous outcomes were
estimated using mixed-effects linear regression with school of attendance as a
random effect and results reported as treatment differences with 95% confidence
intervals. Concentrations of IFN-y in supernatants of end-study QFT-Plus assays in
test-positive participants with were log-transformed prior to analysis. Baseline z-
scores for body mass index (BMI)-for-age and height-for-age were calculated using
the WHO 2007 Z-Score Lambda, Mu and Sigma method [23]. Season-adjusted
(deseasonalised) values for baseline 25(OH)D were calculated for each participant
using a sinusoidal model as previously described [15]. Pre-specified sub-group
analyses were conducted to determine whether the effect of vitamin D
supplementation on end-trial QFT-Plus status was modified by baseline vitamin D
status. These were performed by repeating primary efficacy analyses with the
inclusion of an interaction term between allocation (to vitamin D vs. placebo) and
baseline serum 25(0OH)D3 concentration (<75 vs. 275 nmol/L), with presentation of
the P-value associated with this interaction term. Pre-specified sensitivity analyses
excluding data from participants who took fewer than 80% of doses of study
medication were not conducted, as adherence to study medication during school
closures due to COVID-19 lockdowns was not assessed. Interim safety

assessments, where Independent Data Monitoring Committee (IDMC) members

14
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reviewed accumulating serious adverse event data (all participants) and biochemical
outcomes (safety sub-study participants only) by study arm, were performed at 6-
monthly intervals. At each review the DSMB recommended continuation of the trial.
No interim efficacy analysis was performed.

RESULTS

PARTICIPANTS

Parental consent was obtained for 2852 children from March 2017 to March 2019. A
total of 2271 children underwent QFT-Plus testing, of whom 1682 (74.1%) had
negative results and were randomly assigned to receive vitamin D3 (829 participants)
or placebo (853 participants; Fig. 1). Reasons for ineligibility are provided in Table
S1. The mean age of the children at enrolment was 8.9 years (standard deviation
[s.d.] 1.4), 52.4% were female and 97.9% were of Xhosa ethnic origin. The mean
deseasonalised serum 25(0OH)D; level at baseline was 71.2 nmol/L (s.d. 14.8), and
63.2% of participants had deseasonalised serum 25(OH)D3; concentration <75
nmol/L. Participant characteristics were balanced between those randomised to

vitamin D vs. placebo (Table 1).

The median duration of follow-up was 3.16 years (interquartile range, 2.83 to 3.38
years) and was not different between the two study arms. Valid end-trial QFT-Plus
results were obtained for 1354 participants (80.5% of those randomised) who were
included in the analysis of the primary outcome. Mean end-trial serum 25(0OH)D3
concentrations where higher among children randomised to receive vitamin D vs.

placebo (104.3 vs. 64.7 nmol/L, respectively; mean difference 39.7 nmol/L, 95% CI

15
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for difference 37.6 to 41.9 nmol/L; Fig. 2). At the end of the trial, 90.4% of children in
the vitamin D group and 25.0% in the placebo group had serum 25(OH)Ds

concentration 275 nmol/L (P<0.001).

QFT-PLUS OUTCOMES

The proportion of participants with a positive end-trial QFT-Plus result at the 0.35
IU/mL IFN-y threshold (primary outcome) was similar for those randomised to
vitamin D vs. placebo (76/667 [11.4%] vs. 89/687 [13.0%] respectively; adjusted
odds ratio [aOR] 0.86, 95% CI 0.62 to 1.19, P=0.35; Table 2). The corresponding
result from the secondary multiple regression analysis described in Methods was as
follows: aOR 0.82, 95% CI 0.59 to 1.15, P.= 0.25. This analysis involved multiple
imputations (10 imputed analyses) on baseline deseasonalised 25(OH)D
concentration (regressed on age, sex and household TB exposure) since 260/1354
[19.2%] 260/1354 (19.2%) of observations were missing for this variable. Proportions
of children with a positive end-trial QFT-Plus result at the 4.0 IU/mL IFN-y threshold
were also similar for those randomised to vitamin D vs. placebo (25/667 [3.7%] vs.
19/687 [2.8%] respectively; aOR 1.34, 95% CI 0.73 to 2.46, P=0.35; Table 2). Sub-
group analyses evaluating the effects of the intervention among participants with
lower vs higher baseline 25(OH)D3; concentrations (<75 vs. 275 nmol/L) revealed no
evidence to suggest effect modification by baseline vitamin D status, either for QFT-
Plus conversion at the 0.35 IU/mL IFN-y threshold (P for interaction 0.38) or at the
4.0 IU/mL IFN-y threshold (P for interaction 0.74; Table 2). In the subset of
participants with positive end-trial QFT-Plus results at the 0.35 IU/mL IFN-y

threshold, allocation to vitamin D vs placebo did not influence mean antigen-

16
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stimulated IFN-y concentrations in supernatants, either overall or in sub-groups
defined according to baseline 25(0OH)D3; concentration (Table S2, Supplementary

Material).

ACTIVE TUBERCULOSIS

Incident active TB was diagnosed during follow-up in 0/829 participants randomised
to vitamin D vs. 3/853 (0.4%) participants randomised to placebo. The associated
odds ratio could not be calculated due to the absence of active TB cases arising

among participants allocated to vitamin D.

BIOCHEMICAL OUTCOMES, SAFETY SUB-STUDY

Among children participating in the safety sub-study, mean serum 25(OH)Ds
concentrations were consistently higher among those allocated to vitamin D vs
placebo at 6, 12, 24 and 36 months post-randomisation (Fig. 2, Table S3). This was
not associated with  any inter-arm differences in mean adjusted calcium
concentration or mean urinary calcium: creatinine molar ratio at any follow-up time
point (Table S3). No safety sub-study participant experienced hypervitaminosis D
(serum 25[OH]D3; concentration >220 nmol/L), hypercalcaemia (adjusted serum
calcium concentration >2.75 mmol/L) or hypercalciuria (urinary calcium: creatinine

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

ADVERSE EVENTS

17



Journal Pre-proof

One child (allocated to placebo) died during the trial, and 16 children (eight in the
vitamin D group and eight in the placebo group) had one or more non-fatal serious
adverse events (Table 3, Supplementary Table S4). None of these events was

adjudged to be related to administration of vitamin D or placebo.

DISCUSSION

We report findings of the first RCT of vitamin D supplementation to prevent
tuberculosis infection to be conducted in Africa. In a cohort of schoolchildren without
evidence of tuberculosis infection at baseline, administration of oral vitamin Ds; at a
weekly dose of 250 ug (10,000 IU) for a period of 3 years was found to be safe and
effective in elevating circulating 25(OH)D concentrations. However, this intervention
did not reduce the risk of QFT-Plus conversion, either at the standard threshold of
0.35 IU/mL IEN-y or at a higher threshold (4.0 IU/mL IFN-y) that has been reported
to associate with sustained conversion [6]. Effects of the intervention were not

modified by baseline vitamin D status.

Null findings from this trial contrast with positive results of observational studies
reporting independent associations between low vitamin D status and increased risk
of tuberculosis infection in South Africa [12] and elsewhere [13-16]. However, they
are consistent with the results of another phase 3 trial of vitamin D supplementation
for tuberculosis prevention in schoolchildren, conducted in Mongolia, in which a 3-
year course of weekly oral vitamin D supplementation at a dose of 350 ug (14,000
IU) did not influence risk of QFT conversion or active tuberculosis in schoolchildren

with very low baseline vitamin D status [18]. Of note, another large RCT of oral

18
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vitamin D supplementation in HIV-infected adults in Tanzania reported no effect of
the intervention on the risk of incident pulmonary tuberculosis [24]. Null results from
this RCT and our own should be interpreted in the context of participants’ relatively
high baseline vitamin D status: their findings should not be generalised to

populations with significantly lower baseline vitamin D status.

Inconsistent findings from observational studies vs RCT in this field may reflect the
fact that observational studies are more susceptible to confounding or (in the case of
cross-sectional studies) reverse causality, whereby M. tuberculosis may reduce
circulating 25(OH)D concentrations by perturbing host vitamin D metabolism [25] or
by metabolising cholecalciferol itself [26]. However, RCT also have methodological
limitations. Null results from our study may. reflect type 2 error, particularly for the
secondary outcome of active TB, which arcse in just 3 participants. The question of
whether vitamin D may reduce risk of active TB in children therefore remains open
[27-29]. For the primary outcome, this problem was offset by higher-than-expected
incidence of QFT-Plus conversion (12.2% observed vs. 10.1% anticipated in the
power calculation), and lower-than-expected incidence of indeterminate QFT-Plus
results at follow-up (0.2% observed vs. 5% anticipated in the power calculation). In
addition, administration of study medication was suspended for 8 weeks because of
school closures triggered by the COVID-19 pandemic. This interruption occurred late
in the trial, when participants randomised to intervention would have achieved
steady-state vitamin D status, and the long half-life of 25(OH)D in the circulation (1-2
months) [30] makes it likely that an inter-arm difference in vitamin D status was
maintained during this break. The relatively short period of interruption (accounting

for just 4.9% of median follow-up time), and demonstration of clear differences in

19
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end-study vitamin D status between children randomised to intervention vs. control
provide reassurance that the interruption did not have a sustained impact on
25(OH)D levels in the intervention arm. Profound vitamin D deficiency (25[OH]D <25
nmol/L) at baseline was rare, so our findings should not be generalised to
populations with very low vitamin D status: however, we highlight that null findings
from the sister trial in Mongolia [18], where profound vitamin D deficiency was
prevalent at baseline, do not suggest a protective effect of vitamin D against

tuberculosis infection even in this sub-group.

Our study also has several strengths. Chief among them was the RCT design, which
was effective in distributing risk factors for tuberculosis infection evenly between
arms (Table 1). Direct observation of administration of study medication during
termtime, with parental administration during holiday periods, was effective in
achieving a high degree of adherence, reflected by significant increases in serum
25(0OH)D concentrations observed among participants randomised to intervention. A
further strength was our use of the QFT-Plus assay, which (in contrast to the QFT-
Gold assay employed in the trial by Ganmaa et al) [18] includes an additional blood
tube containing peptides targeted to the induction of IFN-y responses from CD8+
cytotoxic T lymphocytes [31]. This may offer improved sensitivity for detection of

tuberculosis infection in recently exposed individuals [20] and in young children [21].
In conclusion, this phase 3 RCT showed that a 3-year course of weekly oral vitamin

D supplementation was safe and effective in elevating serum 25(OH)D

concentrations among South African schoolchildren aged 6-11 years at baseline.

20
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However, the intervention did not reduce risk of acquiring M. tuberculosis infection,

as evidenced by QFT-Plus assay conversion.
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Table 1: Participants’ baseline characteristics by allocation

Overall Vitamin D Placebo arm
(n=1,682) arm (n=853)
(n=829)
Mean age, years (s.d.) 8.9(1.4) 8.9(1.4) 8.8 (1.3)
Female sex, n (%)™ 880 (52.4) 437 (52.8) 443 (51.9)
Ethnic origin® Xhosa, n (%) 1615 (97.9) 788 (97.3) 827 (98.5)
Other, n (%) 35 (2.1) 22 (2.7) 13 (1.5)
. Brick, n (%) 867 (51.5) 423 (51.0) 444 (52.1)
Type of residence
Informal, n(%) 815 (48.5) 406 (49.0) 409 (47.9)
Primary school, n (%) 60 (3.6) 34 (4.1) 26 (3.1)
Parental education'*? Secondary school or
higher, n (%) 1618 (96.4) 792 (95.9) 826 (96.9)
Mean monthly household
income, 1,000 ZAR (s.d.) 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)
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Previous household PTB

contact, n (%) 245 (14.6) 130 (15.7) 115 (13.5)
BCG scar, n (%
scar, n (%) 1634 (97.1) 807 (97.3) 827 (97.0)
Mean BMlI-for-age z-score
(s.d.)™ 0.3(1.1) 0.3(1.1) 0.3 (1.0)
Mean height-for-age z-
score (s.d.)(l) -0.6 (1.2) -0.6 (1.3) -0.5(1.1)
Mean serum 25(0H)D; 71.2 (14.8) 71.2 (14.5) 71.1(15.0)
concentration, nmol/L
(s.d.)*? Missing (N (%))
318 (18.9) 159 (19.2) 159 (18.6)
<25 nmol/L, n (%)
1(0.1) 0 (0.0) 1(0.1)
> 25 nmol/L & < 50
Serum 25(0OH)D3 nmol/L, n (%) 74 (5.4) 34 (5.1) 40 (5.8)
concentration, 550 L&
category(1’3) 250 nmo /I; <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(0OH)D3, 25-hydroxyvitamin D;. BMI, body mass index. PTB, pulmonary

tuberculosis. S.d., standard deviation. ZAR, South African Rand.

Footnotes. 1, 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; BMI-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(0H)D3 concentration, n=159 vitamin D arm, n=159 placebo arm. 2, highest level of
education of at least one parent. 3, deseasonalised values.

Table 2. Proportions of participants with a positive end-study QFT-Plus result by
allocation: overall and by baseline serum 25(OH)D3 concentration

Vitamin D Placebo Adjusted pe P for
arm, arm, odds ratio interaction®
n/N (%) n/N (%) (95% c1)'
89/687 0.86 (0.62 to
(0] Il 76/667 (11.4 0.35 -
Proportion QFT- vera /667 (11.4) | 13 ) 1.19)
Plus positive at the | Baseline
0.35 1U/mL IFN-y 25(0H)D; <75 | 36/338(10.7) 4&/233)6 0'801((2):)0 o o35
threshold nmol/L®¥ : : 0.38
rimary outcome B i
(primary ou ) 2:?8':;; - 27/195 26/205 | 1.11(062t0 | .
32 .
13. 12. 1.
nmol/L% (13.8) (12.7) 98)
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Proportion QFT- Overall 25/667 19/687 | 4 34(0.73t0 | 0.35 -
Plus positive at the (3.7) (2.8) 2.46)
4.0 IU/mL IFN-y Baseline :
threshold 12/338 11/356 1.14 (0.49 to
25(0H)D;5 <75 0.76
(secondary @) (3.6) (3.1) 2.64)
nmol/L
outcome) - 0.74
Baseline 7/195 5/205 | 1.49 (0.46 to
25(0H)D; 275 (3.6) (2.4) ’ 4 78) 0.50
nmol/L" ' ' '

Abbreviations: 25(0OH)D3, 25-hydroxyvitamin Ds. IFN-y, Interferon-gamma. QFT-Plus, QuantiFERON
TB Gold Plus.

Footnotes: 1, adjusted for school of attendance. 2, P for within-group or within-subgroup
comparison between study arms. 3, applicable to sub-group analyses only. 4, deaseasonalised
values.

Table 3: Adverse events by allocation

Vitamin D arm Placebo arm
No. of Participants No. of Participants
Events | with 21 Event | Events | with >1 Event
Death!” 0 0 1 1
Non-fatal seri d
on a(l)a serious adverse 1 8 9 8
events
Non-fatal adverse event
leading to
. . . 0 0 0 0
discontinuation of study
medication
Other monitored safety Hypercalcemia(z) 0 0 0 0
conditions Hypervitaminosis
XP 0 0 0 0
D
Renal stones 0 0 0 0

Footnotes. 1, details in Appendix Table S4. 2, defined as serum adjusted calcium concentration >2.75
mmol/L confirmed on repeat testing; 3, defined as serum 25(0OH)D; concentration >220 nmol/L.

Figure 1: Participant flow
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2852 children with parental consent

= 370 child assent not obtained, or parental consent withdrawn
211 found to be ineligible prior to OFT-Plus test

2271 children had OFT-Plus test

513 QFT-Plus positive

¥

17 QFT-Plus indeterminate
47 found to be ineligible for another reason after OFT-Plus test
12 eligible not randomised before close of enrolment

1682 QFT-Plus negative children were randomised

/\

829 assigned to Vitamin D arm and took
21 dose of study medication

853 assigned to Placebo arm and took
21 dose of study medication

0 died
14 withdrew
35 lost to follow up

¥

L 4

110 relocated

1 completed study but end-
trial OFT-Plus not done

2 OFT-Plus indeterminate

1 died
18 withdrew
24 lost to follow-up

¥

120 relocated

1 completed study but end-
trial OQFT-Plus not done

2 OFT-Plus indeterminate

667 included in primary analysis

687 included in primary analysis

Figure 2: Serum 25(0OH)D3; concentrations by allocation and time point. A, serum
25(0OH)D3 concentrations by allocation at baseline and 3-year follow-up, all
participants. B, serum 25(OH)D3 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.
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