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Highlights

e Due to its immunomodulatory properties, vitamin D is expected to have a role in viral
infections including SARS-CoV-2

e Supplementation with vitamin D in highly exposed individuals such as frontline health care
workers, decreases the susceptibility for SARS-CoV-2 infection

e The preventive effect of vitamin D supplementation is independent of vitamin D status

e Medium doses of vitamin D (4000 IU per day) seems safe for short periods of

supplementation
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Background. Associations between vitamin D (VD) deficiency and the risk of SARS-CoV-2
infection have been documented in cross-sectional population studies. Intervention studies in
patients with moderate to severe COVID-19 have failed to consistently document a beneficial effect.
Objective. To determine the efficacy and safety of VD-supplementation in the prevention of SARS-
CoV-2 infection in highly exposed individuals.

Methods. A double-blind, parallel, randomized trial was conducted. Frontline healthcare workers
from four hospitals in Mexico City, who tested negative for SARS-CoV-2 infection, were enrolled
between July 15 and December 30, 2020. Participants were randomly assigned to receive 4,000 TU
VD (VDG) or placebo (PG) daily for 30 d. RT-PCR tests were taken at baseline and repeated if
COVID-19 manifestations appeared during follow-up. Serum 25-hydroxyvitamin D3 and antibody
tests were measured at baseline and at day 45. Per-protocol and intention-to-treat analysis were
conducted.

Results. Of 321 recruited subjects, 94 VDG and 98 PG completed follow-up. SARS-CoV-2
infection rate was lower in VDG than in PG (6.4 vs. 24.5%, p <0.001). The risk of acquiring SARS-
CoV-2 infection was lower in the VDG than in the PG (RR: 0.23; 95% CI: 0.09—-0.55) and was
associated with an increment in serum levels of 25-hydroxyvitamin D3 (RR: 0.87; 95% CI: 0.82—
0.93), independently of VD deficiency. No significant adverse events were identified.

Conclusions. Our results suggest that VD-supplementation in highly exposed individuals prevents
SARS-CoV-2 infection without serious AEs and regardless of VD status.
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Introduction

SARS-CoV-2, the cause of COVID-19, has led to more than 338 million cases and over 5.71 million
deaths worldwide as for February 4, 2022. Mexico is one of the most affected countries, with more
than 5.03 million infections and more than 307,000 deaths (1). COVID-19 pandemic coexists with
vitamin D (VD) deficiency, which is also a major public health problem, both globally (2—4) and in
Mexico (5). This is relevant because of the well-known immunomodulatory role of VD as it
attenuates Th1 cell and stimulates Th2 cell proliferation, favoring the synthesis and secretion of anti-
inflammatory cytokines, and limiting the production of pro-inflammatory mediators (6). Therefore,
it is expected that VD deficiency increases the susceptibility to bacterial and viral infections,
including SARS-CoV-2.

Very active research regarding VD and COVID-19 has been conducted in the last two years. Cross
sectional, as well as large population-based studies have found an inverse correlation between serum
25-hydroxyvitamin D3 concentrations and SARS-Cov-2 positivity rate, severity, and mortality (7—
12). Furthermore, meta-analyses of case-control and cohort studies conclude that individuals with
lower 25-hydroxyvitamin D3 concentrations not only have an increased risk of SARS-CoV-2
positivity but are also more likely to require admission to intensive care units and to dye from the
disease. However, most of these meta-analyses report a high degree of heterogeneity, and low
precision or certainty of the analyzed studies (13—15).

The effect of VD supplementation to COVID-19 patients has been evaluated in intervention studies
with inconsistent results probably due to differences in doses, duration of supplementation,
evaluated outcomes, and sample size. For instance, Murai IH, et al. (16) failed to detect differences
in hospital length-of-stay of patients with COVID-19 who received a high single VD dose compared

to those who did not. In contrast, Quesada and his team reported that weekly high-dose calcifediol, a
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potent VD metabolite, decreased intensive care requirement and mortality in COVID-19 patients
(17,18). Rastogi A, et al. found that patients with mild COVID-19 and VD deficiency, who received
high oral doses of VD, tested negative for SARS-CoV-2 earlier than controls (19).

Thus, although it appears that VD supplementation of COVID-19 patients has a positive impact in
disease outcomes, there is scarce information regarding the role of VD as a preventive measure to
reduce the rate of SARS-Cov-2 infection in subjects with varying degrees of susceptibility.
Therefore, we aimed to determine the efficacy and safety of VD supplementation to prevent SARS-

CoV-2 infection in highly exposed individuals.

Subjects and Methods

Design and Study Participants

Our primary outcomes were the rate of SARS-CoV-2 infection and the severity of the disease.
Secondary endpoints included the reduction of VD deficiency prevalence and the frequency of
treatment-associated adverse events (AEs). A multicenter, double-blind, parallel placebo-controlled,
randomized clinical trial was conducted in Mexico City. Frontline healthcare workers from four
tertiary-care hospitals converted to COVID-19 units were enrolled between July 15 and December
30, 2020, prior to vaccination. The protocol was approved by the institutional review boards of the
Instituto Mexicano del Seguro Social (IMSS) system, which includes three hospitals (CNSI # R-
2020-785-090) and the Hospital Infantil de México Federico Gomez (HIM 2020-045). All
participants provided written informed consent. The study follows the Consolidated Standards of

Reporting Trials (CONSORT) reporting guideline.
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We included SARS-Cov-2-free healthcare workers caring for hospitalized patients with COVID-19,
who were not receiving supplementation with VD or other vitamins. Subjects with an
immunocompromising condition, such as cancer or autoimmune disorders, were excluded. Subjects
were randomly assigned to receive VD (VDG) or placebo (PG) in a 1:1 allocation fashion for 30 d.
Randomization was conducted using a web software (Research Randomizer;
https://www.randomizer.org/) by a senior researcher who had no contact with participants (MAVK).
VD was administered as daily 4,000 IU cholecalciferol capsules (histofil®; Medix S.A.de CV;
Mexico City, Mexico) or placebo (capsules with 450 mg cornstarch. ISAAQUIM, Mexico City,
Mexico) with identical appearance.

Invitation posters were placed in the work areas of the participant hospitals explaining the goals and
procedures of the study. An appointment was given to individuals who agreed to participate, to sign
informed consent and for screening procedures. A full medical history and physical exam was
obtained in all participating subjects upon recruitment, paying particular attention to the presence of
chronic conditions such as hypertension, diabetes mellitus, dyslipidemia, and coronary artery
disease. During this initial visit a nasopharyngeal swab specimen for the identification of SARS-
Cov-2 by RT-PCR as well as blood for analytical purposes were obtained. Laboratory
determinations included serum IgG antibodies against SARS-Cov-2 and blood chemistry, as well as
serum concentrations of 25-hydroxyvitamin D3. Overweight and obesity were defined by a body
mass index between 25-30 and above 30, respectively. Follow up visits took place on days 7, 14,
21, 28 and 45. Serum IgG antibodies against SARS-Cov-2 were monitored at baseline and on day
45. All investigators remained blinded for the entire duration of the study.

AEs were registered as per local regulatory requirements, including nausea, loss of appetite,

vomiting, abdominal pain, diarrhea, headache, dizziness, drowsiness, constipation, muscle
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weakness, and rash. Information on whether the AEs were related to the study medication or

resulting in medication discontinuation was also recorded.

Laboratory Procedures

The presence of the virus was established in accordance with the Standardized Guidelines for
Epidemiological Surveillance by a certified COVID-19 Laboratory (20). SARS-CoV-2 was
determined by RT-PCR. A result was considered positive if the sample showed amplification for
any of the viral markers (Ct <37) and the RP control, and as negative a sample without amplification
for viral markers, but with amplification for the RP control. Qualitative detection of IgG antibodies
to SARS-CoV-2 in serum was determined with a chemiluminescent microparticle immunoassay
(Alinity i and ARCHITECT i1000SR Abbott Systems, and LIAISON® SARS-CoV-2 S1/S2 IgG,
with LIAISON® XL Analyzer of DiaSorin). A result was registered as positive if IgG antibodies to
SARS-CoV-2 were higher than 5.0 AU/mL and S1/S2 IgG antibodies were higher than 15.0 AU/mL
20).

Serum concentration of 25-hydroxyvitamin D3 was determined in the Unit of Research in Medical
Nutrition, whose lab technicians are certified in such measurements. Concentration of 25-
hydroxyvitamin D3 was determined with the method described by Van Den Ouweland KM, et al.
(22), using a Waters ACQUITYH UPLC Class coupled to a Xevo TQD (Waters, Milford, MA,
USA), with an APCI Ion SABRE II probe. A solid phase extraction cartridge (Strata C18-E; 55 um,
70 A, Phenomenex CA, USA) was used. Chromatographic analyses were performed with a C18-
column at 50°C (Kinetex 1.7 pum XB-C18 100 A LC Column 50 x 2.1 mm, Phenomenex, CA,

USA). Data aquistion and analyses were performed using a Masslynx version 4.1 software (Waters).
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The 25-hydroxyvitamin D3 was analyzed in duplicate in a subsample of serum specimens, the

coefficient of variation was 5.16%. Values <20 ng/mL were considered as VD deficiency (23).

Statistical Analysis

Sample size was calculated based on a binary result. An 11% probability of acquiring COVID-19 in
healthcare workers (Mexican Government. https://coronavirus.gob.mx/2020/05/11/conferencia-11-
de-mayo/) and 50% reduction in the likelihood of infection with VD supplementation, were
considered for calculation, with 90% statistical power and an a-level <0.05. A sample of 156
subjects per group was estimated.

Statistical analyses were performed with the statistical software STATA v.12.0. A p-value <0.05
was considered for statistical significance. Qualitative variables are described as proportions and
quantitative variables as medians and interquartile ranges (IQR). To assess changes in 25-
hydroxyvitamin D3 concentration, delta values were calculated as the difference between final and
basal concentrations. Fisher, %°, Mann-Whitney U or Wilcoxon tests were used as appropriate.

To test the hypotheses that VD supplementation can effectively to prevent SARS-CoV-2 infection
and to improve VD status, relative risks (RR) and 95% CI were estimated. Two multivariate logistic
regression models were used to identify explanatory variables. While in the first model the
intervention (VD or placebo) was introduced as a covariate, in the second model we introduced the
deltas of 25-hydroxyvitamin D3 concentration. Both models were adjusted by age, morbidity, and
basal VD deficiency. Per protocol and intention-to-treat (ITT) analyses were conducted for primary
and secondary outcomes; missing values of VD concentrations and AEs were assigned by multiple

imputation.
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Results

Baseline Characteristics

Of 407 screened healthcare workers, 321 met the inclusion criteria and were randomized (160 VDG,
161 PG). Ten VDG and 9 PG participants were excluded because of positive SARS-CoV-2 test; 56
VDG and 54 PG did not finish follow-up. The main reason for not completing the study was lack of
time due to heavy workload. None of the participants decided to leave because of adverse events.
Thus, 94 VDG and 98 PG were included in per protocol analysis, and 150 and 152 respectively for
ITT analysis (Figure 1).

Comparisons between dropouts and completers showed that VD deficiency was more frequent
among dropouts (71 vs. 64% p =0.008), but all the other studied variables were comparable. Most
of the participants were physicians or nurses (55.4%), followed by laboratory technicians involved
in blood handling of COVID-19 patients (23.7%); this distribution was comparable among the four
studied hospitals and comparable between VDG and PG. PG subjects were older and exhibited a
higher frequency of diabetes than VDG. The median 25-hydroxyvitamin D3 concentration (18.3
[14.6,22.9] vs. 17.1[13.6, 21.3 ng/mL], p = 0.105), and the frequency of VD deficiency (102
[63.8%] vs. 113 [70.2%]; p =0.423), was comparable between VDG and PG respectively groups

(Table 1).

End of Follow-up
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A significant increase in the concentration of 25-hydroxyvitamin D3 was detected in VDG, while it
did not change in PG. Therefore, deltas 25-hydroxyvitamin D3 were higher in VDG than in PG
(Median [IQR] 8.8 [2.1, 11.8] vs. 0.59 [-1.0, 8.2 ng/mL], p <0.001) (Figure 2A and 2B).
Accordingly, the risk of VD deficiency at the end of follow-up was lower in VDG than in PG (Table
2). Six VDG and 24 PG tested positive for SARS-CoV-2 during follow-up (12 to RT-PCR and 18 to
IgG antibody tests). The frequency of positive SARS-CoV-2 was 17.1% in VD deficient and 15.6%
in non-deficient individuals (7, p = 0.799). Nevertheless, the risk of acquiring SARS-CoV-2
infection was lower in VDG compared with PG in both, per-protocol, and ITT analyses (Table 2).
While no subject in VDG required hospitalization or died, one PG participant was hospitalized with
severe COVID-19 for 23 d and discharged home with mild respiratory symptoms.

Multivariate analysis demonstrated that the risk of acquiring SARS-CoV-2 infection was lower in
VDG than in the non-supplemented control group, independently of basal VD status (Table 3).
Another multivariate analysis revealed that increases of 25-hydroxyvitamin D3 predicted the risk of
acquiring SARS-CoV-2 infection (Table 3). Both models were adjusted for age, comorbidities,
vitamin D deficiency at baseline, as well as by site of study (hospital) and type of personnel.

Thirty one percent of VDG and 32% of PG subjects reported at least one AE. The more frequently
reported were headache, constipation, and diarrhea. While headache was more frequently reported in
PG, constipation tended to be more common in VDG (Table 4). The risk of presenting at least one
AE was lower in VDG than in PG (Table 2), but in the ITT analysis that association was no longer

significant. None of the AEs led to treatment discontinuation.

Discussion

10
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The results of our double-blind, placebo-controlled, prospective study demonstrate that VD
supplementation is effective in preventing SARS-CoV-2 infection in high risk, frontline healthcare
personnel. Furthermore, the protective effect of VD supplementation was independent of basal
serum concentrations of 25-hydroxyvitamin D3. We have thus confirmed and extended the results of
previous cross-sectional and intervention studies whereby vitamin sufficiency was found to be
associated with better COVID-19 outcomes, including a lower requirement for intensive care unit
admission and mortality rate (7,17). To our knowledge, this is the first controlled study evaluating
the role of VD supplementation as a prophylactic measure to prevent SARS-Cov-2 infection and
therefore has profound clinical and public health implications.

VD is known to modulate the immune system (6,24). Both, the nuclear vitamin D receptor (VDR)
and the vitamin D metabolizing enzymes are expressed in virtually all cells of the innate and
adaptive immune system, including macrophages, dendritic cells and activated B and T cells. All
these cells are thus, capable of locally synthesizing the active VD metabolite 1,25(OH)2 D3, which
exerts genomic and nongenomic actions. Exogenous VD reduces the production of inflammatory
mediators and of reactive oxygen species in neutrophils by activating the 5-lipoxygenase gene and
by suppressing the cyclooxygenase gene. Locally produced 1,25(0OH)2 D3 promotes macrophage
differentiation and activation and reduces the production of proinflammatory mediators such as
interleukin (IL)-1p, IL-6 and TNF-a. Active VD interferes with the maturation and differentiation of
dendritic cells promoting a tolerogenic phenotype characterized by a reduced secretion of
proinflammatory cytokines (IL-1B, IL-6, IL23) and an increased production of IL-10 and TNF-c.
1,25(0OH)2 D3 promotes B-cell apoptosis, inhibits memory B-cell formation, and prevents B-cell
differentiation into immunoglobulin-producing plasma cells. Both, the VDR and the VD

metabolizing enzymes gene expression is up regulated in human CD4+ and CD8+ T cells. In

11
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general, vitamin D deficiency is associated with an increased risk for various autoimmune and
infectious diseases (24). Thus, VD potentially interferes with some of the pathways used by SARS-
CoV-2 to enter and replicate in the bronchial epithelium. It is well known that VD inhibits renin
expression and the angiotensin converting enzyme (25). It also favors an anti-inflammatory over a
pro-inflammatory immune state, potentially preventing progression to more severe forms of the
disease and promotes an antioxidant environment in the lungs impairing the replication capacity of
the virus, which may result in a reduction of the viral load (26). Thus, the above pathophysiological
considerations pertaining the relationship between VD and SARS-Cov-2 are in line with our
findings. VD supplementation was equally effective in preventing SARS-Cov-2 infection in high-
risk healthcare workers, regardless of the basal concentrations of 25-hydroxyvitamin D3. Our results
show that the protective effect of VD was achicved with a medium dose (4,000 1U/d), during a short
period of time (one-month), and with only a mild increase of the vitamin concentration (8.8 ng/mL),
suggesting that the intake of VD plays a role in preventing SARS-CoV-2 infection in high exposure
periods, even though the adequate VD status is not reached. Nevertheless, these results highlight the
need for further studies to identity the appropriate dose required to provide the optimal protective
effect (27-31).

The more frequently reported AEs were headache, intestinal transit alterations, nausea, abdominal
pain, and fatigue, coinciding with VD-associated collateral effects. Nevertheless, the frequency and
type of AEs were comparable between groups, which suggests that the perception of such symptoms
may have been related to the acute stress derived from long working periods, or with the fear of
acquiring COVID-19 as proposed by others (32).

The main strengths of our study are the randomized and experimental design, the inclusion of a

highly exposed population, the use of a gold standard method to determine 25-hydroxyvitamin D3,

12
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and the fact that it was conducted before vaccines against SARS-CoV-2 were available.
Nevertheless, we recognize that the high proportion of participants who did not complete follow-up
could lead to misinterpretation of the results by not identifying subjects with the disease among
those who dropped the study. To deal with such situation, we performed an active surveillance on
the hospitals’ epidemiological records systems searching for dropouts among the confirmed SARS-
CoV-2 positive, but none was identified. In addition, the association persisted in the ITT analysis,
and confirmed after including confounders in the analysis.

In conclusion, the findings of our study indicate that VD protects against SARS-CoV-2 infection in
highly exposed individuals, regardless VD status and with relatively few side effects.

Data described in the manuscript, code book, and analytic code will not be made available because it

belongs to the Institutions where the study was conducted.
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Figure 1. Flow diagram according to the consolidated standards of reporting clinical trials. VDG,

vitamin D-supplemented group; PG placebo group.
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Figure 2. A. Within comparisons of 25-hydroxyvitamin D3 concentration in vitamin D
supplemented and placebo groups. Medians and 95% confidence intervals are presented. Statistical
analysis was conducted with Wilcoxon. B. Deltas of 25-hydroxyvitamin D3 concentration are
compared between vitamin D supplemented and placebo groups. Medians and 95% confidence

intervals are presented. Statistical analysis was performed with Mann-Whitney U test.
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Table 1. Baseline subject characteristics stratified by treatment®
Characteristic Total n=321 VDG #n =160 PGn=161 P’
Age, years
Median (interquartile range) 37.5 (30,46) 36.0 (30,43) 39.0 (31,48) 0.019
Sex
Female 224 (70.0) 114 (71.0) 110 (68.0) 0.568
Male 97 (30.0) 46 (29.0) 51 (32.0)
Type of personnel
Physicians 115 (35.8) 59 (36.9) 56 (34.8) 0.649
Laboratory technicians 76 (23.7) 39 (24.4) 37 (23.0)
Nurses 63 (19.6) 26 (16.2) 37 (23.0)
Technical radiologist 46 (14.3) 25 (15.6) 21 (13.0)
Orderlies and cleaning staff 21 (6.6) 11(6.9) 10 (6.2)
Hospitals
IMSS Specialty Hospital 111 (34.6) 57 (35.6) 54 (33.5) 0.897
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IMSS Pediatric Hospital

IMSS Cardiology Hospital

Hospital Infantil de Mexico
Body mass index, kg/m*

Median (interquartile range)

<25 (normal)
25.1-29.9 (overweight)
>30 (obesity)
Risk factors
Hypertension
Type 2 Diabetes
Obesity
Other®
25-hydroxyvitamin D3, ng/ml

Median (interquartile range)

<20 (deficiency)
20-29.9 (insufficiency)

>30 (normal)

82 (25.5)
45 (14.0)

83 (25.9)

26.2
(23.6,30.0)
125 (39.0)
114 (36.0)

82 (25.0)

95 (29.6)
13 (4.1)
82 (25.6)

38 (11.9)

17.6

(14.0,21.7)
215 (67.0)
86 (26.8)

20 (6.2)

41 (25.6)
23 (14.4)

39 (24.4)

26.5
(23.9,30.1)
56 (35.0)
62 (39.0)

42 (26.0)

43 (26.9)
3(1.9)
42 (26.3)

19 (11.9)

18.3
(14.6,22.9)
102 (63.8)
48 (30.0)

10 (6.2)

22-00242

41 (25.5)
22 (13.7)

44 (27.3)

25.9
(23.5,29.6)
69 (43.0)
52 (32.0)

40 (25.0)

52 (32.3)
10 (6.2)
40 (24.8)

19 (11.8)

17.1

(13.6,21.3)
113 (70.2)
38 (23.6)

10 (6.2)

0.435

0.321

0.287

0.044

0.773

0.984

0.105

0.423

VDG, vitamin D group; PG placebo group.

*Values are n (%) or median (interquartile range).

®Statistics was conducted with %> or Mann-Whitney U test as appropriate.
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‘Other includes rheumatoid arthritis and migraine.

22-00242

Table 2. Efficacy and safety of vitamin D supplementation to prevent SARS-CoV-2 infection and

vitamin D deficiency in frontline healthcare workers

Outcome Intention-to-treat analysis Per-protocol analysis
n n (%) RR (95% CI) n n (%) RR (95% CI)
SARS-CoV-2 infection
VDG 150 7 (4.7) 0.23 (0.09, 0.55) 94 6 (6.4) 0.22 (0.08, 0.59)
PG 152 26 (17.1) Reference 98 24 (24.5) Reference
Vitamin D
deficiency
VDG 150 29(19.3) 0.20(0.12,0.34) 94 10 (10.6)  0.05(0.02, 0.12)
PG 152 82 (54.0) Reference 98 66 (67.3) Reference
Adverse event
VDG 150 46 (30.7)  0.95(0.58,1.56) 94 21(22.3)  0.49(0.26,0.93)
PG 152 48 (31.6) Reference 98 36 (36.7) Reference

RR, relative risk; 95% CI, 95% confidence interval; VDG, vitamin D supplemented group; PG,

placebo group.

Table 3 Predictors of SARS-CoV-2 infection®

Model 1 Model 2
Characteristic RR 95%CI RR 95%Cl1 )
Age, years 1.02 0.97, 1.06 0.332 1.03 0.98, 1.07 0.140
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Hypertension 1.32 0.83,2.96 0.420 1.33 0.44,1.89 0.470
Type 2 diabetes 1.98 0.40,9.76 0.401 1.17 0.23,6.04 0.843
Obesity 2.01 0.82,4.88 0.122 1.82 0.74, 0.190

4.48
Basal VD deficiency 0.86 0.35,2.10 0.756 1.42 0.56, 3.56 0.450
VDG" 0.22 0.09, 0.56 0.001 - - -
25-hydroxyvitamin D3, - - 0.87 0.82,0.93 0.001
deltas* -

"Logistic regression analysis, adjusted by type of personnel and hospital.
®Compared with PG.
“Deltas are the difference between final and basal concentration.

95%ClI, 95% confidence interval; VD, vitamin D; VDG, vitamin D supplemented group; PG,

placebo group.

Table 4. Treatment-related adverse events stratified by treatment groups®

Account (%)

Adverse event VDG n =150 PGn=152 P
Any treatment-related adverse event 46 (30.7) 48 (31.6) 0.864
Headache 8(5.3) 18 (11.8) 0.044
Constipation 15 (10.0) 7 (4.6) 0.071
Diarrhea 7(4.7) 8(5.3) 0.811
Nausea 7(4.7) 3(2.0) 0.191
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Abdominal pain
Dizziness
Drowsiness
Muscular weakness

Vomiting

5(3.3)
3(2.0)
9 (6.0)
6 (4.0)

1(0.7)

22-00242

2(1.3)
6(3.9)
9(5.9)
8(5.2)

0 (0)

0.244

0.320

0.977

0.602

0.313

*Values are n (%);

PStatistics was conducted with 32 analysis.
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