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ARTICLE INFO ABSTRACT

Keywords: Objectives: To determine the effect of vitamin D supplementation on disease progression and post-exposure
Vitamin D prophylaxis for COVID-19 infection. We hypothesize that high-dose vitamin D3 supplementation will reduce
COVID-19 risk of hospitalization/death among those with recently diagnosed COVID-19 infection and will reduce risk of
:‘:ﬁsﬁz:;iem COVID-19 infection among their close household contacts.

Prophylaxis Methods: We report the rationale and design of a planned pragmatic, cluster randomized, double-blinded trial (N

= 2700 in total nationwide), with 1500 newly diagnosed individuals with COVID-19 infection, together with up
to one close household contact each (~1200 contacts), randomized to either vitamin D3 (loading dose, then
3200 IU/day) or placebo in a 1:1 ratio and a household cluster design. The study duration is 4 weeks. The
primary outcome for newly diagnosed individuals is the occurrence of hospitalization and/or mortality. Key
secondary outcomes include symptom severity scores among cases and changes in the infection (seroconversion)
status for their close household contacts. Changes in vitamin D 25(OH)D levels will be assessed and their relation
to study outcomes will be explored.

Conclusions: The proposed pragmatic trial will allow parallel testing of vitamin D3 supplementation for early
treatment and post-exposure prophylaxis of COVID-19. The household cluster design provides a cost-efficient
approach to testing an intervention for reducing rates of hospitalization and/or mortality in newly diagnosed
cases and preventing infection among their close household contacts.

Cluster randomization

1. Introduction infected patients and healthcare personnel are at particularly high risk
for infection [2]. As diagnoses and deaths continue to rise worldwide,

Coronavirus disease (COVID-19), caused by the novel severe acute COVID-19 is now widely recognized as a global pandemic.
respiratory syndrome coronavirus 2 (SARS-CoV-2), presents a major Given this public health crisis, there is a critical need to have quickly
threat to human health [1]. SARS-CoV-2 is highly infectious, associated deployable and efficient randomized trials to test promising treatments
with extensive morbidity and mortality, and household contacts of and prophylactic interventions to slow the pandemic. Development of
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pragmatic, adaptive, and cost-efficient trials is a high priority. In this
setting, we identified vitamin D supplementation as a promising inter-
vention to test. As described below and summarized in the Table 1,
several lines of evidence suggest that vitamin D deficiency is a risk factor
for COVID-19 and that improvement in vitamin D status by supple-
mentation may mitigate COVID-19 risk for clinical progression.

Laboratory studies demonstrate that vitamin D is active in pathways
relevant to immune function, stimulating the expression of vitamin D
receptors in both the innate and the adaptive immune systems. Vitamin
D metabolites support innate immune responses to several viruses in
cultured human respiratory epithelial cells [3-7], including rhinovirus
and respiratory syncytial virus (RSV). Vitamin D may reduce the burden
of infections by lowering viral replication rates, through the induction of
antimicrobial peptides [8-10] and by enhancing cellular immunity by
reducing pro-inflammatory cytokines and increasing concentrations of
anti-inflammatory cytokines [11,12].

Both epidemiological and clinical studies have shown that vitamin D,
acting as an important immunomodulator, may reduce the incidence of
respiratory tract infections in both adults and children [13-17]. Ran-
domized trials have also provided supportive evidence that vitamin D
supplementation reduces risk of acute respiratory infections in these
populations (22-24). A meta-analysis of 11,321 participants in 25 ran-
domized controlled trials of vitamin D supplementation to prevent acute
respiratory tract infections (upper and lower respiratory tracts)
demonstrated a protective effect of the intervention overall (12%
reduction), but a particularly large magnitude of benefit (70% reduc-
tion) from supplementation in those with profound vitamin D deficiency
at baseline [18]. However, results showed heterogeneity, with strong
protective effects in some trials [19-21]* and others with null findings
[22,23]. This heterogeneity may reflect two factors: i) Variation in dose
of vitamin D administered: some trials gave a low dose of <400 IU per
day, and ii) Variation in participant characteristics: strongest protection
effects against acute respiratory tract infection were seen among those
with vitamin D deficiency at baseline. Given that SARS-CoV-2 is a novel
virus, the potential role of vitamin D in affording protection against this
specific infection is promising but unknown.

COVID-19 patients with weakened innate immune systems may be
susceptible to more severe symptoms and higher mortality [24]. An
impaired host immune system response may lead to higher SARS-COV-2
viral load and subsequent overactivation of the adaptive immune system
that results in cytokine release syndrome [25,26]. Vitamin D can

Table 1
Lines of evidence that vitamin D deficiency is an important modifiable risk factor
for COVID-19.

Laboratory studies: Vitamin D is important for immune function and modulates the

inflammatory response to infection.

Ecologic studies: Inverse correlations between mean levels of vitamin D in

numerous countries and rates of diagnosed cases and mortality from COVID-19.

Demographic groups known to be at higher risk of vitamin D deficiency— Black or

Hispanic individuals, the elderly, nursing-home residents, and those with obesity,

vascular comorbidities, or chronic kidney disease—are also those at high risk of

COVID-19 hospitalization and/or mortality.

Observational studies of individuals tested for SARS-CoV-2*: Low 25(OH)D levels

are associated with a greater likelihood of testing positive for the virus.

Observational studies of COVID-19 patients: 25(OH)D levels correlate inversely

with COVID-19 severity.

Observational studies (pre-COVID era): Low vitamin D status is associated with

increased risk of acute respiratory tract infections.

Randomized clinical trials (pre-COVID era): Vitamin D supplementation decreases

risk of respiratory tract infection, especially in those with low 25(OH)D levels.
*SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

Table adapted from Manson and Bassuk [44].

" Camargo Jr. and D. Ganmaa are equally contributed.
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modulate both the innate and adaptive immune responses [27] and
suppress the hyperinflammatory response during infection [32].

Ecologic and demographic data also provide support for a protective
role of vitamin D studies [28,29]. Inverse correlations between mean
levels of vitamin D in each of 20 European countries and the rates of
COVID-19 diagnoses and mortality have been observed [30]. De-
mographic groups known to be at elevated risk for vitamin D
insufficiency— Black or Hispanic individuals, the elderly, nursing-home
residents, and those with obesity, vascular comorbidities, or chronic
kidney disease—are also those at higher risk of COVID-19 hospitaliza-
tion and/or mortality. Finally, several observational studies have shown
a significant association between a low serum 25(OH)D level status and
worse clinical outcomes of COVID-19 patients [31-33].

The Vitamin D for COVID-19 (VIVID) trial is a pragmatic, cluster-
randomized, placebo-controlled, double-blind trial to evaluate the effi-
cacy of Vitamin D3 supplementation with 3200 IU/d daily for 4 weeks to
reduce disease severity in persons with newly diagnosed COVID-19
infection and to prevent infection in their closest household members.
In this article, we detail the rationale and design of this nationwide study
that is in development and is subject to adaptive changes as needed.

2. Study design and methods
2.1. Overview of study design

VIVID is based on a parallel group design (N = 2700 in total
nationwide); the study population includes 1500 newly diagnosed in-
dividuals (referred to as “index cases™) as well as the closest household
contacts of each index if such a person is identified and consents (~1200
in total). Each participant—whether index or contact—is randomized to
either vitamin D3 or placebo in a 1:1 ratio in a household “cluster”
design. The study duration for each participant is 4 weeks. The infected
individuals will be followed to assess disease progression defined as the
need for hospitalization and/or mortality. Their household members
will be followed to assess infection status, either progression if sero-
positive at baseline, or seroconversion, if uninfected at baseline.

A schematic of the design is displayed in the Fig. 1, where vertical
arrows show time sequences and horizontal arrows show randomization
which will be done prior to COVID diagnostic testing for the household
members, due to concerns regarding delays in receiving the contact’s
test results and the need to start treatment early. Subsequent events
apply to both randomized groups. If the treatment works for both the
early-treatment and prophylaxis cohorts, then this early-intervention
approach could be implemented in practice.

2.2. Primary and secondary hypotheses

The primary hypothesis is that Vitamin D3 supplementation will
reduce the risk of hospitalization and/or mortality among patients who
are newly diagnosed with COVID-19 infection but do not require hos-
pitalization at baseline. The primary outcome is the occurrence of hos-
pitalization and/or mortality. Hospitalizations and deaths will be
confirmed by chart review or interview of next of kin.

Secondary Hypotheses are:

For index cases:

e Vitamin D3 supplementation will reduce self-reported disease
severity over 4 weeks. Participants will self-report symptom severity
and disease progression on weekly questionnaires: for each specified
COVID-19 related symptoms (fever or chills, cough, shortness of
breath or difficulty breathing, fatigue, muscle or body aches, head-
ache, new loss of taste or smell, sore throat, congestion or runny
nose, nausea or vomiting, diarrhea), participants will report one of
the following 3 options: absence (score of 0), mild/moderate (score
of 1), severe (score of 2). The total disease severity score will be the
average across all potential symptoms.
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Fig. 1. Schematic of VIVID design.

e Vitamin D3 supplementation will delay time to hospitalization/
mortality.

e Vitamin D3 supplementation will reduce the risk of ICU admission/
ventilation support in index cases.

For the closest household contacts of index cases:

e Vitamin D3 supplementation will prevent SARS-CoV-2 infection
(seroconversion).

e Vitamin D3 supplementation will reduce self-reported total disease
severity defined in the same way as for the index participants.

2.3. Study population and inclusion/exclusion criteria

The study population will include individuals who tested positive for
COVID-19 infection within 72 h of the COVID diagnostic testing and
have experienced COVID-19 related symptoms for no longer than 4 days
(for the “index cases”), and the closest cohabiting contact, if such a
person is identified and consents, for each newly diagnosed individual.

For all participants, the ability to understand and provide informed
consents, and to complete online questionnaire, and not participating in
other COVID-19 trials are required.

For index cases, we will target a high-risk study population defined
by adults >30 years of age with comorbidities. Specifically, we plan to
enroll Age 30-49 with > 2 comorbidities (diabetes, hypertension, BMI
>30, chronic obstructive pulmonary disease (COPD) or emphysema,
history of heart attack or stroke, history of coronary bypass surgery or
coronary angioplasty or stent, diagnosed sleep apnea) and/or risk fac-
tors (smoking, being in a racial/ethnic minority group [African Amer-
ican, Hispanic, American Indian, South Asian]) OR Age 50-59 with at
least 1 comorbidity or risk factor (as defined above) OR Age 60 or older
regardless of comorbidities.

Key exclusion criteria include: 1) known pregnancy; 2) Current
hospitalization; 3) Consume more than 400 [U/d of vitamin D from all
supplemental sources combined in the past 4 weeks; 4) Known diagnosis

of hypercalcemia or a condition associated with vitamin D hypersensi-
tivity; 5) Having a diagnosis of advanced cancer or or or currently un-
dergoing radiation, chemotherapy, or immunotherapy for cancer; 6)
Kidney failure or dialysis, severe liver disease or cirrhosis, active
tuberculosis, sarcoid or sarcoidosis, parathyroid disease; 7) Unstable,
transient or group ((> 6 adults) living arrangement. (See Supplement for
line listings regarding eligibility.)

For household members, we plan to recruit the closest contact, age
18 or older, living in the same household as the index case. Exclusion
criteria that differ from the index individuals are: 1) History of SARS-
CoV-2 diagnosis with onset of symptoms more than 4 days before
study entry; and 2) Receipt of a SARS-CoV-2 vaccination or monoclonal
antibody.

2.4. Treatment assignment and randomization

Eligible index cases and their household contacts will be randomly
assigned, in a cluster fashion, to one of the two study groups in a 1:1
ratio using a permuted block design (block size of 8), via a web-based
randomization module after the index signs the informed consent.

2.4.1. Intervention

Daily oral softgel capsule containing 3200 IU vitamin D3 (with a
loading dose of 9600 IU/day for day 1 and day 2), administered daily for
4 weeks. Participants will be mailed a supply of pills by an overnight
courier service (due to the time sensitivity) and instructed to take 3 pills
each day for the first two days and 1 pill daily thereafter.

2.4.2. Control
Daily oral placebo capsule of identical appearance and taste con-
taining no vitamin D.
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2.5. Study procedures

2.5.1. Recruitment

Participants will be recruited nation-wide via social media; com-
munity advocacy groups and equity initiatives; flyers and electronic
communications distributed in healthcare centers, low income residen-
tial housing organizations, COVID-19 testing centers, and other avenues.

All recruitment will be conducted remotely and prospective partici-
pants will be asked to complete a web-based HIPAA-secure screening
survey by the Research Electronic Data Capture (REDCap) system.
Screen-eligible participants will be contacted by phone by research staff
to complete the screening process using on-line consent forms. (Addi-
tional details are in the Supplement.)

2.5.2. Baseline and follow-up

Blood samples will be collected for all participants at baseline and at
4-week follow-up. The blood microsampling collection kit will be mailed
to participants’ home and will be returned through postal mail. The
blood sample will be used for testing of 25-hydroxyvitamin D (250HD)
level as a marker of vitamin D status. For household members, week 4
samples will be tested for SARS-CoV-2 antibody positivity. For those
who test positive at week 4, the baseline sample will also be tested to
confirm absence of infection at baseline.

Participants will receive a daily text message as a reminder to take
study pills. They will also be instructed to complete weekly online
REDCap questionnaires for 4 weeks and an additional post-study follow-
up questionnaire at week 8. The questionnaire will include items on
adherence with randomized treatments, use of non-trial supplements of
vitamin D, use of calcium supplements, development of symptoms and
new illness, dietary intakes of vitamin D, and self-report of disease
progression and severity status. Non-responders will be telephoned to
collect study data. (Additional details are in the Supplement.)

Participants will be instructed to discontinue their study pills if,
during follow-up, they receive a diagnosis of kidney stones, hypercal-
cemia, or other safety-exclusion conditions. Participants will be advised
to discontinue the study treatment if, in the course of follow-up, they
report taking supplementary vitamin D (not from diet) that amounts to
greater than 400 IU per day or daily calcium supplements that amount to
greater than 1200 mg per day.

2.6. Data management

We will use REDCap (Research Electronic Data Capture), a secure,
HIPAA compliant web-based application hosted by the Partners
HealthCare Research Computing, Enterprise Research Infrastructure &
Services (ERIS) group. We will design a data dictionary and web-based
surveys to capture data at each of the study timepoints: pre-baseline
(screening/eligibility), consent form, baseline (demographics, health
status, exposure history, etc.), post-randomization (interim symptom
and Adverse Event (AE) assessments), and endpoint (testing data,
symptoms, infection status). Participant surveys will be distributed
using emails and/or text messages. (Additional details are in the
Supplement.)

2.7. Statistical considerations

Analyses of treatment effects will be based on the intention-to-treat
principle. Primary analyses will follow this principle; that is, in-
dividuals will be analyzed according to their assigned treatment group,
whether or not they take the study treatment as assigned.

For endpoints (e.g., seroconversion) measured on individuals from
the prophylaxis cohort (household members), because the study popu-
lation consists of one individual from one household, the outcomes are
independent and hence standard analysis methods for individual ran-
domized trials apply. However, for endpoints (e.g., hospitalization/
mortality, disease progression) measured on early treatment cohort

Contemporary Clinical Trials 100 (2021) 106176

(index cases and some of the household members who are already
infected at baseline), because some of the household members may be
included in the early treatment, it is necessary to take household clus-
tering into account in the analysis. We will use the Generalized Esti-
mating Equations approach with robust sandwich variance [34] to
properly quantify the uncertainty of the treatment effect estimates for
clustered outcomes.

The primary endpoint is the occurrence of hospitalization or death by
the end of study week 4 among subjects with newly diagnosed COVID-19
status at baseline (index participants and their household contacts with
serology tests that are IgM positive but IgG negative).

The primary analysis will use a logistic regression model regressing
the occurrence of hospitalization or mortality as outcome on the treat-
ment indicator. The secondary endpoints for the index cases are: 1)
occurrence of ICU admission/ventilator support; 2) time to hospitali-
zation/death; 3) self-reported disease progression score over 4 weeks;
and 4) change in vitamin D 25(OH)D levels from baseline to week 4.

The secondary endpoints for the household members who are sero-
negative at baseline are: 1) COVID-19 infection during the course of the
study; 2) self-reported disease severity or disease progression (hospi-
talization or identified deaths) by the end of week 4; and 3) change in
vitamin D 25(0OH)D levels from baseline to week 4. (Additional details
regarding the data analysis are in the Supplement.)

2.7.1. Pre-specified subgroup analyses

Pre-specified subgroup analyses include the evaluation of the po-
tential modification of treatment effect by age, sex, race/ethnicity,
baseline 250HD levels (<12, 12-20, and > 20 ng/mL), obesity status,
whether or not taking a vitamin D supplement in addition to study pills.

2.7.2. Sample size and power considerations

2.7.2.1. Forindex cases. Although the primary analysis is based on data
from the early treatment cohort which includes both the index cases and
some of their household members, because we do not know the fraction
of index cases who will have a household member enrolled, the fraction
of household members who are already infected at baseline, and the
intraclass correlation coefficient, sample size calculation for the early
treatment cohort is based on the index cases only. Assuming a four-week
hospitalization/mortality rate of 20% in the control arm, a total sample
size of 1500 (the target number of index cases) achieves >95% power to
detect a reduction of 40% in event rate with a type I error of 5%, based
on a Fisher’s exact test. This sample size has 80% power to detect a 28%
reduction from 20% to 14.4%. In a meta-analysis assessing the effect of
vitamin D supplementation on risk of acute respiratory tract infection,
among those who received daily or weekly vitamin D, Martineau et al.
reported an adjusted odds ratio of 0.3 or 0.75 in those with baseline 25-
hydroxyvitamin D levels <25 nmol/L or > 25 nmol/L respectively [18].
Because the study duration for each participant is only four weeks, we
anticipate a low lost-to follow-up rate. Recognizing that a proportion of
the household contacts will already be infected at baseline and will be
included in the primary analysis of early treatment cohort, the actual
power will be greater and can offset power loss due to the loss to follow-

up.

2.7.2.2. For household contacts. Assuming 80% of newly diagnosed
participants will also have a close co-habiting contact enrolled into the
study, we anticipate enrolling 1200 into the household contact cohort.
Jing et al. estimated a 12.4% secondary attack rate among household
contacts [35]. In a systematic review, Shah et al. found that the reported
secondary attack rate of COVID-19 in household contacts ranged from
4.6% to 49.6% [36]. Assuming 20% of these individuals are already
seropositive for COVID-19 at baseline, the number of evaluable partic-
ipants for the key secondary hypothesis that the household members of
the infected individual will have a lower seroconversion rate is n =
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1000. A sample size of 500 in each comparison arm achieves 80% power
to detect a 40% reduction in serological positive rate from 15% to 9%
based on a Fisher’s exact test.

2.8. Data and safety monitoring

We will establish an external DSMB for the trial. Given the short
duration of the study, an interim meeting is planned when half of the
participants have been enrolled, or at 6 months, whichever occurs
earlier. At the meeting, the DSMB will assess whether study progress,
data integrity and safety monitoring warrant continuation of the study
and make recommendations accordingly. (Additional details are in the
Supplement.)

3. Discussion

The coronavirus disease 2019 (COVID-19) is an escalating global
pandemic associated with the potential for severe respiratory compli-
cations. There is an urgent public health need for effective therapeutic
and prophylactic strategies that have proven to be safe in human-
s—which is especially acute given the rapid spread of SARS-CoV-2 and
lack of vaccines or highly effective treatments for infected individuals
who do not require hospitalization to slow down the disease progres-
sion. To investigate the effect of vitamin D and potential alternative
agents requires studies that can be completed expeditiously, conducted
safely, use resources efficiently, and produce reliable results.

The VIVID trial will assess the effect of Vitamin D supplementation
for early treatment and post-exposure prophylaxis of COVID-19. The
study is highly pragmatic and will be conducted remotely with no study
visits required, which facilitates national recruitment, limiting infection
control challenges. Salient features of the study include the cluster
randomization design which both offers logistic convenience and avoids
treatment contamination: both household members will receive the
same treatment; and permits answering two important questions: early
treatment and prophylaxis, in the same study.

The trial is innovative in that it allows for participants in the same
cluster to be in two different cohorts, which have different end-
points—while maintaining valid randomization and therefore preser-
vation of the type I error control. The design is cost-efficient in that
testing for COVID-19 among household contacts need not be done until
the end of the study; hence, baseline samples need only be tested for
those who test seropositive at end of follow-up. The nationwide
recruitment allows for nimble and targeted recruitment in geographic
areas with higher infection rates (‘hot spots’), the locations of which will
change over time. Another innovative aspect of the trial design is that
enrollment of household members occurs before they are tested for
COVID-19. This is possible because the same agent is under study for
both prophylaxis and treatment components; hence vitamin D can be
initiated as quickly as possible after participants have consented to
randomization.

In searching for a treatment and prevention agent for COVID-19,
many drugs and chemical compounds are being considered (see for
example, Jeon et al. [37]). The everchanging landscape of prevention
policies, pandemic dynamics, and rapidly accruing knowledge requires
studies to be sufficiently flexible. Our study design is customizable and
can be tailored to test other candidates in a rolling platform fashion
[38]. It can also be extended to efficiently test two drugs at the same
time through a factorial design by adding a second agent (e.g., inhaled
corticosteroids).

The study has limitations. First, it is possible that vitamin D blood
levels would not improve rapidly enough to affect the course of the
infection. Although a higher loading dose (9600 IU/day) is incorporated
for the first two days of the study, it may take a week or longer to
eliminate vitamin D deficiency. We plan to measure vitamin D levels to
better understand the trajectory of 25(OH)D increase over time in this
study population. We are avoiding massive bolus dosing because it is not
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physiologic and has not shown benefits for reducing respiratory in-
fections or other adverse outcomes in previous vitamin D trials [39-41].
Calcifediol can more rapidly increase serum 25(OH)D level and a recent
study evaluated its effect when added to best available therapy among
patients hospitalized for COVID-19 [42]; future studies may be designed
to assess its effect in slowing disease progression to hospitalization.
Second, despite considerable uncertainty regarding the role of vitamin D
for the treatment and prevention of COVID-19, some participants may
choose to take out-of-study vitamin D supplements; vitamin D is readily
available in pharmacies and stores. Also, recruitment may be chal-
lenging due to unwillingness to participate in a randomized trial with a
50% chance of receiving placebo. However, our study pills will have
stricter quality control monitoring than most over-the counter dietary
supplements. In a recent study, LeBlanc et al. found that the cholecal-
ciferol content of over-the-counter and compounded vitamins was
highly variable [43]. We will provide this information to potential
participants to increase the attractiveness of the study. Third, the initi-
ation of treatment is very time sensitive. Due to the lag time in receiving
COVID test results by participants and contacting the study, it may be
challenging to initiate treatment within the short time window allowed
after the onset of symptoms. However, enrolling their asymptomatic
close household contacts at baseline-some of whom are likely already to
have been infected and will contribute information to the early treat-
ment cohort-will improve our ability to assess the effect of vitamin D on
progression when treatment begins early.

In summary, this study will provide reliable randomized evidence
about the effect of vitamin D on both early treatment and post-exposure
prophylaxis of COVID-19. The data collected from this study will also
permit us to develop and validate a COVID-19 symptom score for disease
progression. Given that COVID-19 disproportionately affects race/
ethnicity minority groups and high prevalence of vitamin D deficiency in
these groups, vitamin D efficacy may provide opportunities for reducing
health disparities. This innovative, pragmatic, and timely RCT will
address a critical unmet need in the prevention and clinical management
of SARS-CoV-2 in the community. The results will be of immediate
clinical relevance by providing evidence to inform measures to control
the pandemic and mitigate disease occurrence and severity, as well as to
reduce personal suffering, mortality, and health care costs.
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