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Effect of vitamin D3 
supplementation on cellular 
immunity and inflammatory 
markers in COVID‑19 patients 
admitted to the ICU
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Vladimir P. Baklaushev1, Nadezhda A. Kolyshkina1 & Aleksandr V. Troitsky1

Vitamin D as an immunomodulator has not been studied in patients with severe COVID‑19. This study 
aimed to estimate the efficacy of vitamin D3 supplementation on cellular immunity and inflammatory 
markers in patients with COVID‑19 admitted to the intensive care unit (ICU). A single‑center, double‑
blind, randomized, placebo‑controlled pilot trial was conducted (N = 110). Patients were randomly 
assigned to receive a weekly oral dose of 60,000 IU of vitamin D3 followed by daily maintenance 
doses of 5000 IU (n = 55) or placebo (n = 55). Primary outcomes were lymphocyte counts, natural 
killer (NK) and natural killer T (NKT) cell counts, neutrophil‑to‑lymphocyte ratio (NLR), and serum 
levels of inflammatory markers on 7th day of treatment. On day 7, patients in the vitamin D3 group 
displayed significantly higher NK and NKT cell counts and NLR than those in the placebo group did. 
The mortality rate (37% vs 50%, P = 0.16), need for mechanical ventilation (63% vs 69%, P = 0.58), 
incidence of nosocomial infection (60% vs 41%, P = 0.05) did not significantly differ between groups. 
Vitamin D3 supplementation, compared with placebo, significantly increased lymphocyte counts, but 
did not translate into reduced mortality in ICU.

Trial Registration: ClinicalTrials.gov Identifier: NCT05092698.

Abbreviations
COVID-19  Coronavirus disease 2019
ICU  Intensive care unit
IL  Interleukin
ROC  Receiver operator characteristic
SARS-CoV-2  The severe acute respiratory syndrome coronavirus 2
25(OH)D  Serum 25-hydroxyvitamin D
NKT  Natural killer T
NK  Natural killer
NLR  Neutrophil-to-lymphocyte ratio

The severe course of coronavirus disease 2019 (COVID-19) manifests itself as a pronounced dysregulation 
of innate and adaptive immunity, hyperinflammatory reaction, and massive production of proinflammatory 
cytokines. Generally, patients with severe COVID-19 display lymphopenia, which includes reduced T, natural 
killer T (NKT), and natural killer (NK) cell counts, sometimes lower B cell counts, and an increased neutrophil-
to-lymphocyte ratio (NLR)1. NK cells represent a non-specific cellular component of immediate innate immu-
nity and primarily control the acute phase of  viremia2,3. However, T cell responses are critical for long-term 
surveillance. NKT cells represent a unique subset that shares some characteristics with both NK and T cells, 
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and is particularly interesting because of their participation in host defenses against many viral infections by 
contributing to both innate and adaptive immune responses. Decreased lymphocyte levels were found to be a 
significant predictor of severe illness and mortality in COVID-19  patients4,5.

Vitamin D has important immunomodulatory effects owing to its broad spectrum of activities on the metabo-
lism and activity of macrophages, T cells, and B  cells6. Vitamin D is known to reduce the levels of proinflam-
matory cytokines and modulate T-cell proliferation. It also stimulates production of various antimicrobial and 
antiviral  peptides7. The expression of the vitamin D receptor and vitamin-D3-metabolizing enzymes (CYP27B1, 
etc.) in monocytes, macrophages, NK cells, NKT cells, B-cells, and T-cells suggests that these immune cells 
may produce and use the active form of vitamin, 1,25-dihydroxyvitamin D [1,25(OH)2D], to support cellular 
 immunity8.

A high prevalence of vitamin D deficiency is associated with mortality in critically ill patients including 
patients with COVID-199,10.

We investigated whether vitamin D3 could be used as an adjuvant therapy for COVID-19, as this may have 
immediate clinical and economic implications in the context of the ongoing COVID-19 pandemic. Considering 
the immunomodulatory properties of vitamin D, we wanted to explore whether increasing serum 25-hydroxyvi-
tamin D [25(OH)D] concentration may slow disease progression and possibly improve the survival rate.

The main hypothesis of this trial (COVID-VIT) was that therapy with cholecalciferol (60,000 IU/weekly) 
followed by daily 5000 IU may result in higher NK and NKT cell counts, reduce inflammation, and improve the 
outcome of patients with severe and critical COVID-19.

Results
Demographics, clinical and biochemical characteristics of both groups are shown in Table 1.

The time from symptom onset to ICU hospitalization was 9 (IQR 6–12) days. The patients were allocated to 
one of the groups within 24 h of admission to the ICU. The median age of participants was 64 (IQR 57–77) years.

There were no statistically significant differences between the two groups with respect to demographic and 
clinical characteristics (Table 1). A Cox regression analysis was performed to adjust the model by possible con-
founding variables for in-hospital mortality in patients in the vitamin D3 treatment group vs placebo group. 
HR for coronary artery disease 1.95; 95% CI 1.04, 3.63; P = 0.03. No differences between the vitamin D3 and 
placebo groups were observed in mechanical ventilation frequency (21 (40%) vs 16 (30%), P = 0.25) and high flow 
oxygen therapy (43 (83%) vs 46 (85%), P = 0.73) at ICU admission (Table 1). Laboratory tests, including those 
for white blood cell count, neutrophils, lymphocytes, platelets, NK cells, NKT cells, total bilirubin, creatinine, 
D-dimer, fibrinogen, and IL-6, did not differ between the two groups, except for procalcitonin level (P = 0.04) 
and CRP (P = 0.04) (Table 1).

The baseline mean serum 25(OH)D concentration was 13.1 (SD, 9.3) ng/mL; median, 10.8 (6.8–15.8) ng/
mL. Forty eight (51%) out of 106 patients had severe vitamin D deficiency (less than 10 ng/mL). There were no 
between-group differences in serum 25 (OH) D concentrations (9.6 [5.6–20.6] ng/mL in the vitamin D3 group 
vs 11.2 [8.6–14.9] ng/mL in the placebo group; P = 0.57) at ICU admission. The cumulative dose of vitamin D3 
was 185,000 IU (95,000–275,000 IU).

Primary outcome. On day 7, patients in the vitamin D3 group displayed significantly higher NK and NKT 
cell counts, as well as a higher NLR, than those in the placebo group (Table 2). No statistically significant differ-
ences were observed for other parameters; however, lymphocyte counts and CRP and procalcitonin levels tended 
to be lower in the vitamin D3 group.

Analysis of laboratory tests before and after treatment indicated that in the vitamin D3 group, unlike in the 
placebo group, statistically significant increases in lymphocyte, NK, and NKT cell counts, as well as reduced CRP 
levels were observed (Table 2). Both groups displayed statistically significant increases in procalcitonin levels 
following treatment, with stronger fold change in the placebo (up to 483%) and vitamin D3 (up to 207%) groups.

The median 25 (OH) D level significantly increased from baseline after treatment with vitamin D3 (from 
9.6 (5.6–20.6) ng/mL to 20.6 (11.8–24.8) ng/mL) vs placebo (from 11.2 (8.6–14.9) ng/mL to 10.4 (5.8–12.2) ng/
mL). The status of vitamin D on the 7th day was as follows: in the vitamin D3 group, 19 patients with sufficiency, 
12—insufficiency, 7—deficiency; in the placebo group, 2 patients with sufficiency, 11—with insufficiency, 5—with 
deficiency.

Secondary outcomes. Secondary outcome results are reported in Table 3.
Mortality was 37% in the vitamin D3 group (19 of 52 patients) and 50% in the placebo group (27 of 54 

patients), P = 0.23), OR 0.576; 95% CI 0.265, 1.252; P = 0.18. Length of stay in the ICU in the vitamin D3 group 
was statistically significantly different from the placebo group: 15.5 (8–22) days for the vitamin D3 group vs 8 
(2–15.3) days for the placebo group, P = 0.001. The same was true for the length of hospital stay: 20.5 (14.8–33) 
days for the vitamin D3 group vs 14.5 (10–23) days for the placebo group, P = 0.007.

Compared to placebo group patients, vitamin D3 group patients did not appear to significantly differ in 
terms of the requirement for the use of vasopressors (36 (69%) vs 35 (69%), P = 0.63) and need for mechanical 
ventilation (33 (63%) vs 37 (69%), P = 0.58), yet the vitamin D3 group spent more days on mechanical ventila-
tion (15 (11–19) days vs 10 (4–16.5) days, P = 0.02). Likewise, there were no significant differences between the 
vitamin D3 group and the placebo group for incidence of nosocomial infection (60% vs 41%; P = 0.05). However, 
among the patients in the vitamin D3 group, 44% had positive blood cultures compared with 24% in the placebo 
group, P = 0.03.

According to Cox regression model, independent risk factors associated with mortality included older age 
(HR 3.1; 95% CI 1.47, 6.46; P = 0.003), history of oncological disease (HR 9.349; 95% CI 2.438, 35.859; P = 0.001), 
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and the use of vasopressors (HR 6.37; 95% CI 1.4, 29; P = 0.02). A negative blood culture (HR 0.48; 95% CI 0.22, 
0.94; P = 0.03) was independently associated with improved survival.

On admission, baseline levels of vitamin D were positively correlated with NKT cell counts (r = 0.6; 95% 
CI 0.38, 0.76; P = 0.001), in contrast to NK cells lacking such association (r = 0.26; 95% CI 0.26, 0.5; P = 0.06) 
(Fig. 1a,b). On day 7 of treatment, vitamin D levels were positively correlated with NK cell (r = 0.67; 95% CI 0.42, 
0.82; P = 0.001) and NKT cell (r = 0.41; 95% CI 0.08, 0.65; P = 0.01) counts (Fig. 1c,d). In addition, a positive cor-
relation between initial vitamin D deficiency (less than 9.9 ng/mL) and NKT cell counts on day 7 (r = 0.49; 95% 
CI 0.13, 0.73; P = 0.008), and a positive correlation between vitamin D insufficiency (10–20 ng/mL) and NK cell 
counts at baseline was observed (r = 0.39; 95% CI 0.07, 0.64; P = 0.02).

Table 1.  Baseline demographic, clinical, and biochemical characteristics of the COVID-19 patients admitted 
to the  ICU1. 1 Numerical data are expressed as median (IQR); categorical data are shown as the number of cases 
(percentage). 2 P values were calculated by Mann–Whitney U test, χ2 test, or Fisher’s exact test, as appropriate. 
3 N, reference range. SARS-CoV-2 RT-PCR positive positive reverse transcription polymerase chain reaction for 
the Severe Acute Respiratory Syndrome Coronavirus 2, SOFA Sequential Organ Failure Assessment, APACHE 
II Acute Physiology and Chronic Health Evaluation II, NLR neutrophil to lymphocyte ratio, 25(OH)D serum 
25-hydroxyvitamin D.

Vitamin D3 (n = 52) Placebo (n = 54) P  value2

Age, years 64.5 (57–71) 63.5 (54–81) 0.92

Age > 70 y. o 14 (27) 21 (39) 0.19

Sex, n (%) male 22 (42) 31 (57) 0.12

SARS-CoV-2 RT-PCR positive, n (%) 46 (88) 45 (83) 0.86

Ground-glass opacity on computed tomography scan (> 50% area), n (%) 38 (73) 42 (78) 0.57

SOFA, score 3 (1–4) 3 (1–3) 0.87

APACHE II, score 12 (7–20) 12 (8–19) 0.94

Coexisting disease

Coronary artery disease, n (%) 23 (44) 17 (32) 0.18

Arterial Hypertension, n (%) 34 (65) 34 (63) 0.79

Diabetes mellitus, n (%) 16 (38) 14 (26) 0.58

Chronic obstructive pulmonary disease, n (%) 3 (7) 3 (5.5) 0.75

Liver disease, n (%) 1 (2) 1 (2) 1.00

Chronic renal disease 1 (2) 2 (3.7) 1.00

Cerebrovascular disease, n (%) 9 (17) 9 (17) 0.61

Cancer, n (%) 3 (5.8) 4 (7.4) 1.00

Concomitant medication and respiratory support at admission

Anti-IL-6 receptor monoclonal antibodies, n (%) 12 (23) 8 (15) 0.28

Glucocorticosteroids, n (%) 30 (58) 26 (48) 0.33

Antibiotics, n (%) 48 (92) 49 (90) 0.77

Anticoagulant, n (%) 50 (96) 53 (98) 0.54

High-flow oxygen therapy, n (%) 43 (83) 46 (85) 0.73

Mechanical ventilation, n (%) 21 (40) 16 (30) 0.25

Biochemical parameters

25(OH)D, ng/mL (N 30–80 ng/mL) 9.6 (5.6–21) 11 (8.6–15) 0.57

White blood cell count,  109/L (N 4.5–9  109/L) 9 (7–12) 8 (6.5–9.5) 0.09

Lymphocytes,  109/L (N 1.5–4.5  109/L) 0.7 (0.54–0.98) 0.9 (0.60–1.1) 0.11

NK cells (CD3−CD56+CD16+), % (N 9.9–22) 1.3 (0.8–2) 1.3 (0.89–2.6) 0.25

NKT cells (CD3+CD56+CD16+), % (N < 10) 0.5 (0.3–1.3) 0.9 (0.2–2.3) 0.63

NLR (N 0.78–3.53) 10.4 (6.9–15.9) 8.5 (5.1–13.7) 0.07

Neutrophils,  109/L (N 2–7.5  109/L) 8.4 (5.5–11.3) 6.8 (5.2–8.6) 0.08

Platelets,  109/L (N 150–380  109/L) 215 (168–298) 207 (168.3–292) 0.61

Creatinine, μM/L (N 53–97 μM/L) 72 (60–108) 80 (64–100) 0.46

Total bilirubin, μM/L (N 3.4–17.1 μM/L) 11 (8–18) 11 (9–15) 0.88

Total calcium level, mM/L (1.9–2.6 mM/L) 2.1 (1.8–2.1) 2.1 (1.9–2.2) 0.89

Ionized calcium level, mM/L (N 1.05–1.37 mM/L ) 1.2 (1.10–1.35) 1.2 (1.06–1.25) 0.91

Interleukin-6, pg/mL (N < 7 pg/mL) 190 (97–620) 77 (31–316) 0.25

D-dimer, μg/mL (N < 0.5 μg/mL) 0.9 (0.5–1.8) 0.8 (0.4–2) 0.79

Fibrinogen, g/L (N 2–4 g/L) 4 (3.2–4.9) 4 (3.4–6) 0.15

Procalcitonin, ng/mL (N < 0.05 ng/mL) 0.54 (0.24–2) 0.3 (0.13–0.8) 0.04

C-reactive protein, mg/L (N < 5 mg/L) 194 (92–278) 125 (85–194) 0.04
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Adverse events. No hypercalcemia was observed in either group throughout the trial.

Discussion
In this randomized, double-blind, placebo-controlled trial, administering cholecalciferol to patients with severe 
or critical COVID-19 within 24 h of ICU admission resulted in a statistically significant increase in serum 25(OH)
D concentration, lymphocyte count, NK and NKT cell counts, and reduced CRP levels. A statistically significant 
increase in procalcitonin levels on day 7 after treatment was observed in both patient groups, with a stronger 
increase in the placebo group. Nosocomial infections and mortality rates were similar between the study groups. 
In contrast to the vitamin D3 group, patients who received placebo spent less time in the ICU and hospital, and 
were less likely to be positive for blood cultures.

The use of vitamin D3 as an adjuvant therapy for COVID-19 was proposed early in the pandemic. This is 
largely due to its known positive effects on innate and adaptive  immunity6,11, antiviral  properties12, stimulated 
production of anti-inflammatory cytokines, and downregulation of proinflammatory  molecules13, as well as its 
well-established protective role in severe lung damage and  sepsis7.

To our knowledge, this study is one of the first randomized trials to explore the efficacy of vitamin D3 in 
critically ill ICU-admitted patients with COVID-19. At the time of writing, six randomized clinical trials study-
ing vitamin D and its active forms in COVID-19 patients have been  published14–19. These included non-ICU 
patients with moderate and severe COVID-1914–17, and mild/asymptomatic COVID-1918,19. A meta-analysis of 
randomized controlled trials found that COVID-19 patients supplemented with vitamin D were more likely to 
demonstrate lower rates of ICU admission, mortality events, and RT-PCR  positivity20. However, no statistical 
significance was observed in ICU outcomes and deaths.

One of the major findings of our study was that vitamin D3 supplementation led to a statistically significant 
increase in NK and NKT cell counts, with the NK cell subpopulation almost reaching normal values, unlike in 
the placebo patients, where NK and NKT cells continued to contract. Literature exploring the effects of vitamin 
D3 on cellular immunity is limited, and no such studies are available for COVID-19. In several studies, including 
patients with diseases that affect vitamin D metabolism, such as chronic renal failure and vitamin D-resistant 
rickets, impaired NK cell activity was  found21,22. In these patients, vitamin D3 supplementation improved and 
even normalized the NK cell activity. One explanation for this phenomenon may be the positive effect of vitamin 

Table 2.  Dynamics of lymphocyte counts and inflammatory markers in the vitamin D3 and placebo groups 
before the treatment and on day 7 after the  treatment1. 1 Numerical data are expressed as median (IQR); 
categorical data are shown as the number of cases (percentage). 2 P values were calculated by Wilcoxon test, χ2 
test, or Fisher’s exact test, as appropriate. 3 P values were calculated by Mann–Whitney test between vitamin D3 
and placebo groups on day 7. NLR neutrophil to lymphocyte ratio. Significant values are in bold.

Variable

Vitamin D3 (n = 52 «before»; 
n = 38 «after») P  value2

Placebo (n = 54 «before»; n = 18 
«after») P  value2 P  value3

Before After Before After

Lymphocytes,  109/L 0.7 (0.54–0.98) 0.78 (0.42–1.22) 0.01 0.9 (0.6–1.1) 1.2 (0.81–1.53) 0.73 0.05

NK cells CD3−CD56+CD16+, 
% 1.26 (0.8–2) 9.76 (0.9–20) 0.001 1.3 (0.9–2.6) 0.92 (0.57–11) 0.39 0.03

NKT cells CD3+CD56+CD16+, 
% 0.5 (0.3–1.3) 2.6 (0.76–12) 0.001 0.9 (0.17–2.3) 0.45 (0.07–0.8) 0.15 0.001

NLR 10.4 (7–16) 12.5 (7–28) 0.33 8.5 (5–14) 8.3 (5–12) 0.35 0.01

Interleukin-6, pg/mL 190 (97–620) 312 (114–2156) 0.38 77 (30–316) 275 (49–4666) 1.00 0.9

C-reactive protein, mg/L 194 (92–278) 85 (13–200) 0.002 125 (85–194) 138 (62–247) 0.76 0.07

Procalcitonin, ng/mL 0.54 (0.24–2) 1.1 (0.32–1.9) 0.02 0.3 (0.13–0.8) 1.4 (0.4–12) 0.009 0.32

Table 3.  Secondary outcomes of the COVID-VIT  trial1. 1 Numerical data are expressed as median (IQR); 
categorical data as number of cases (percentage). 2 P values were calculated by Mann–Whitney U test, χ2 test, 
or Fisher’s exact test, as appropriate. LOS ICU length of stay in the intensive care unit; 3N is reference range.

Vitamin D3 (n = 52) Placebo (n = 54) P  value2

Mortality, n (%) 19 (37) 27 (50) 0.16

LOS ICU, days 15.5 (8–22) 8 (2–15) 0.001

Hospital stay, days 20.5 (15–33) 14.5 (10–23) 0.007

Mechanical ventilation requirement, n (%) 33 (63) 37 (69) 0.58

Mechanical ventilation, days 15 (11–19) 10 (4–16.5) 0.02

Norepinephrine use, n (%) 36 (69) 35 (69) 0.63

Incidence of nosocomial infection, n (%) 31 (60) 22 (41) 0.05

Positive blood culture, n (%) 23 (44) 13 (24) 0.03



5

Vol.:(0123456789)

Scientific Reports |        (2022) 12:18604  | https://doi.org/10.1038/s41598-022-22045-y

www.nature.com/scientificreports/

D3 on apoptosis of immune  cells23. Other studies are largely based on in vitro or preclinical animal  models24 
and have somewhat conflicting  results25–27. Further studies are needed to investigate the effect of vitamin D3 
supplementation on NKT and NK cells.

Our trial participants had critically low NK and NKT cell counts upon ICU admission. NK and NKT lym-
phopenia has been described in COVID-19 patients  previously28,29, but was significantly more pronounced in 
our patients. The exact mechanism by which SARS-CoV-2 attenuates circulating NK and NKT cells in patients 
with disease remains unclear. One possible explanation may be that NK and NKT cells are redistributed to 
infected  tissues30. NK cells may migrate into pulmonary tissues in response to inflammatory cytokines released 
by infected epithelial cells or engaged  macrophages31. This NK/NKT cell redistribution between peripheral blood 
and tissues becomes even more pronounced as the COVID-19 course worsens.

Kalicińska et al.28 found drastically reduced levels of NK cells and profound dysfunction of T lymphocytes 
and NK cells in critically ill COVID-19 patients compared to non-ICU COVID-19 patients. Zingaropoli et al.29 
reported that COVID-19 patients had low NK and NKT cell counts compared to healthy donors. Moreover, a low 
percentage of NKT cells was independently associated with the severity of the disease and positively correlated 
with the  PaO2/FiO2 ratio. A correlation between the degree of cytopenia and COVID-19 severity was similarly 
observed in our study, which focused on ICU-admitted patients with severe and critical COVID-19.

Our analysis demonstrated that NKT lymphopenia is strongly associated with the degree of vitamin D insuf-
ficiency, which agrees well with the data on NK cell lymphopenia reported by Vassiliou et al.32. The authors dem-
onstrated that vitamin D deficiency was associated with reduced NK cell counts; specifically, vitamin D-deficient 
patients presented with mild NK lymphopenia (< 100 cells/μL), whereas vitamin D3 insufficient patients had 
normal NK cell counts (≥ 100 cells/μL).

In our trial, two groups with comparable demographics and accompanying pathologies were formed following 
randomization. The vitamin D3 group had higher baseline CRP, and procalcitonin levels (P < 0.05). Considering 
these differences, patients in the vitamin D3 group had an overall higher risk of unfavorable outcomes. None-
theless, mortality and nosocomial infection rates were similar between the groups. Patients in the vitamin D3 
group tended to have more positive blood cultures and spent more time in the ICU and hospital. It is plausible to 
suggest that patients with severe COVID-19 supplementation with vitamin D3 may lead to improved outcomes, 
albeit at the expense of longer ICU and hospital stays.

The efficacy of vitamin D3 supplementation in the ICU setting may be limited due to patients’ critical illness, 
as well as due to the therapy they receive. Critically ill patients are known to have a profound decline in 25(OH)D 
concentration due to attenuated vitamin D metabolism, downregulation of vitamin D-binding protein and albu-
min production, and compromised conversion of 25(OH)D to 1,25(OH)2D in the  kidneys33. Intensive therapy for 
COVID-19 patients includes fluid infusion, extracorporeal membrane oxygenation, and plasma exchange, all of 
which may significantly reduce vitamin D  levels34. Considering this feature of vitamin D metabolism in critically 

Figure 1.  Correlation analysis between the vitamin D and NK/NKT subpopulations of immune cells on 
admission and on day 7 of stay in the ICU. Baseline levels of vitamin D were positively correlated with NKT cell 
counts (r = 0.6 (95% CI 0.38; 0.76), P = 0.001), in contrast to NK cells lacking such association (r = 0.26, (95% 
CI − 0.26; 0.51), P = 0.07) (a,b). On day 7 of treatment, vitamin D levels were positively correlated with NK cell 
(r = 0.67 (95% CI 0.42; 0.82), P = 0.001) and NKT cell (r = 0.41 (95% CI 0.08; 0.65), P = 0.013) counts (c,d).
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ill COVID-19 patients with mind, it becomes clear that a significantly longer time may be needed for vitamin 
D3 supplementation to have a positive effect, which is mediated by target cell activation and genome expression 
changes. The use of the active form of vitamin D3 in patients with severe COVID-19 may offer some advantages 
over cholecalciferol, as calcitriol does not need to be 25-hydroxylated in the liver and shows better absorption 
in the intestine upon oral  consumption35. Maghbooli et al.36 described the therapeutic benefit of rapid increase 
the circulating serum 25(OH)D3 levels following oral administration of 25(OH)D3 (Calcifediol, the precursor 
for active form of vitamin D3) in patients with COVID-19. The authors showed an improvement of immune 
function by increasing the lymphocytes levels in the blood and an insignificant decreasing the ICU and hospital 
stay, need for mechanical ventilation, and mortality compared to the placebo. Therefore, interventional trials 
are needed to uncover possible differences between calcitriol/calcitriol and cholecalciferol supplementation in 
critically ill COVID-19 patients.

Published reports exploring the efficacy of cholecalciferol in COVID-19  patients16 and ICU patients without 
COVID-1937 have used a single, very high dose of cholecalciferol. No improvement in the clinical outcomes was 
observed. Somewhat counterintuitively, a large single dose of vitamin D3 may be less effective than the regular 
(daily or weekly) intake of smaller doses. Bolus delivery of vitamin D3 may affect vitamin D metabolism within 
the target tissue, leading to increased 24-hydroxylation38. Therefore, these effects may compromise the ability of 
25(OH)D to support the immune response against respiratory  infection12.

Our study had several limitations. First, it was a single-center study. Second, the results may have been par-
tially affected by the intrinsic heterogeneity of the sample, as our patients had multiple comorbidities. Third, 
the patients were given a dose of vitamin D3 after a relatively long time from symptom onset to randomiza-
tion, when they already showed signs of an excessive inflammatory response and organ dysfunction. The early 
(5–7 days after diagnosis) use of immunological intervention including vitamin D3 in the evaluation of patients 
with multiple organ dysfunction syndrome may reduce mortality in the most severe  patients39. Fourth, we did 
not measure vitamin D-binding protein, free 25(OH)D, or 1,25(OH)2D levels, which could all contribute to the 
ultimate vitamin D status. However, the quantification of these molecules is complex, and there is no consensus 
on whether such tests are required. 25(OH)D is currently the best marker for overall vitamin D status and remains 
the most commonly measured biomarker in clinical medicine.

Conclusion
Vitamin D3 supplementation, compared to placebo, in patients with severe and critical COVID-19 at a dose of 
60,000 U/week followed by 5000 U/day results in a statistically significant increase in NK and NKT cell counts 
and a reduction in CRP levels. However, this intervention did not translate into reduced mortality or other 
improvements in ICU outcomes.

Material and methods
Study design and participants. This was a prospective, single-center, randomized, placebo-controlled 
pilot trial conducted at the Federal Scientific and Clinical Center of Specialized Types of Medical Care and Medi-
cal Technologies of the Federal Medical and Biological Agency of Russia, which was a designated hospital for 
COVID-19 patients during the first wave of the pandemic.

Study approval. The study protocol was approved by the Local Ethics Committee of Clinical Center (pro-
tocol № 4 dated 28/04/2020) and registered at http:// www. clini caltr ials. gov under NCT05092698; the first 
registration date is 25/10/2021. In compliance with the national and European Union policies, as well as with 
the principles of the Declaration of Helsinki, written informed consent was obtained from each patient or the 
patient’s legal representative. When this was not possible (patients on mechanical ventilation, coma, etc.), the 
institutional ethical committee, similar to other states of the European Union, approved the use of a “surro-
gate consent.” Written informed consent was obtained at a later time point, when the patient had survived and 
regained mental capacity.

Inclusion criteria. (1) adults aged ≥ 18 years old admitted to the Intensive Care Unit (ICU); (2) laboratory con-
firmed COVID-19 (reverse transcription polymerase chain reaction (RT-PCR) for the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) from nasopharyngeal swabs) and/or characteristic clinical presentation 
with computed tomography scan findings compatible with the disease (bilateral multifocal ground-glass opaci-
ties ≥ 50%); (3) the serum 25(OH)D below 30 ng/mL.

Exclusion criteria. (1) participation in another clinical trial; (2) recent vitamin D3 intake (> 2000 IU/d over 
3 months); (3) severely impaired gastrointestinal function; (4) renal insufficiency with creatinine levels above 
200  μM/L or requiring renal replacement therapy; (5) hypercalcemia (total calcium > 2.65  mM/L or ionized 
serum calcium > 1.35 mM/L); (6) pregnancy or breast-feeding; (7) allergy or individual intolerance of the drug 
or its components; (8) tuberculosis, sarcoidosis; (9) patients within 48 h of their discharge or death.

Randomization and study interventions. Patients who met the study inclusion criteria were randomly 
assigned to the vitamin D3 treatment or placebo group (1:1). Random group allocation was performed using 
computer-generated code managed by an independent researcher who was not involved in the study. The par-
ticipant’s names was matched with the random number sequence. The names of participants from intervention 
and placebo was printed and pasted on to the bottles filled with either vitamin D3 or placebo. The bottles used 
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were identical for both active intervention and placebo, and allocation sequence data was kept by independent 
researcher in a secure place so that it cannot be accessed or influenced by anyone, including the researchers.

Patients in the vitamin D3 group received cholecalciferol orally or via feeding tube at a dose of 60,000 IU once 
per seven days dissolved in 15 mL of sunflower oil, followed by daily maintenance doses of 5000 IU dissolved 
in 10 mL of sunflower oil. The maintenance doses begin the day after the intake of the high dose. The high dose 
was repeated on day 8, 16, 24, 32. Vitamin D3 therapy was administered until the patient was discharge from the 
ICU or death. The vitamin D3 dosage was chosen based on the recommended dose for patients with vitamin D 
 deficiency40. In the placebo group, patients received 15 mL sunflower oil once a week and 10 mL sunflower oil 
daily. The vitamin D3 and placebo preparations were indistinguishable in terms of visual appearance, taste, smell, 
texture, or packing. Both preparations were produced by the local hospital pharmacy department and labeled 
by an associate who was not involved in the trial.

Outcome measures. Primary outcomes. Lymphocyte counts, NK and NKT cell counts in peripheral 
blood, NLR ratio, serum levels of C-reactive protein (CRP), procalcitonin, interleukin-6 (IL6) and 25(OH)D on 
day 7 of treatment.

Secondary outcomes. ICU mortality, length of ICU and hospital stay, need for mechanical ventilation, use of 
vasopressors, incidence of nosocomial infections.

Laboratory assays and data analysis. Blood samples were collected within 24 h of admission for rou-
tine laboratory tests, such as blood count, coagulation profile, and serum biochemical tests (including renal 
and liver function), in the onsite laboratory. Plasma D-dimer concentrations were determined using an ACL 
TOP 700 automatic coagulation analyzer (Instrumentation Laboratory, CTS Family, Bedford, MA, USA) on a 
latex-enhanced photometric immunoassay. The plasma fibrinogen concentration was measured according to the 
photo-optical Clauss method with an ACL TOP 700 automatic coagulation analyzer (Instrumentation Labora-
tory, CTS Family, Bedford, MA, USA). Serum CRP level was processed by the immunoturbidimetric method 
using an Architect c800 platform. The serum concentrations of procalcitonin and IL-6 were analyzed using 
electrochemiluminescence on a Cobas e411 analyzer (Roche Diagnostics GmbH, Mannheim, Germany). Hema-
tological analysis, including blood count, was performed using the flow cytometry method on an ADVIA 2120i 
(Siemens Healthineers, Erlangen, Germany). Immune cell phenotyping was performed using flow cytometry 
(ACEA Novocyte Flow Cytometer, ACEA Bioscience, San Diego, CA, USA). Serum 25(OH)D concentrations 
were assessed by chemiluminescence immunoassay using an ARCHITECT i 2000 SR instrument (Abbott Labo-
ratories, Illinois, USA). The laboratory reference range was 5.0–160.0 ng/mL. All measurements were conducted 
within 2 h of blood sampling. Vitamin D status was categorized using cutoffs based on serum 25(OH)D concen-
trations: < 10.0 ng/mL represented severe deficiency, 10.0–19.9 ng/mL represented a deficiency, 20.0–29.9 ng/mL 
represented insufficiency, and ≥ 30.0 ng/mL represented sufficient 25(OH)D  concentrations41 All measurements 
were conducted within 2 h of blood sampling.

Blood microbiological specimens were processed using standard culture techniques that had been validated 
using  BACTEC® 9120 (BD Diagnostics, Sparks, MD, USA). Positive blood culture was defined as growth of a 
pathogenic bacterial species in ≥ 1 blood culture bottle. A false positive (or contamination) is defined as growth 
of bacteria in the blood culture bottle that were not present in the patient’s bloodstream, and were most likely 
introduced during sample collection.

One hundred and ten patients were enrolled in the study and randomized into an experimental group with 
vitamin D3 treatment or a placebo group without vitamin D3 treatment. The details are presented in the flow 
diagram (Fig. 2).

Data presentation and statistics. Descriptive statistics were used for demographic, laboratory, and clin-
ical prognostic factors related to COVID-19 in each treatment arm.

Continuous and categorical variables are presented as median (interquartile range, IQR) or n (%), as appro-
priate. Multiple comparisons were accounted for in the statistical analysis. Quantitative characteristics between 
the groups were compared using the Mann–Whitney U test. The dynamics of the quantitative characteristics in 
each group were performed using Wilcoxon’s test to assess within-group differences. χ2 tests (2 × 2) or Fisher’s 
exact test (if there were fewer than 10 observations) were performed to assess the significance of the differences 
between the characteristics according to the categorical variables. Spearman’s correlation analysis was performed 
to evaluate the relationship between the vitamin D levels and immunological parameters. Cox regression was 
used to estimate unadjusted and adjusted hazard ratios (HR) and 95% CIs for the probability of immunodefi-
ciency and mortality. Differences were considered statistically significant at P < 0.05.

All statistical analyses were performed using SPSS for Mac v28 (IBM, USA). The pilot trial was conducted 
according to the Consolidated Standards of Reporting Trials (CONSORT) reporting guidelines.

Sample size calculation was carried out for the pilot study with 110 patients randomized in a proportion of 
1:1. The sample size calculation was based on the proportion of participants treated with vitamin D3 that could 
meet the criteria for vitamin D deficiency, which was estimated as 25% (with 95% CIs), and the proportion of 
participants not treated with vitamin D3, which could be 50%. According to these assumptions, the estimated 
final sample size for our pilot clinical study was 55 patients in the arm of patients treated with vitamin D3 and 
55 patients in the placebo group.



8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:18604  | https://doi.org/10.1038/s41598-022-22045-y

www.nature.com/scientificreports/

Data availability
The datasets are available from the corresponding author on reasonable request.

Received: 11 May 2022; Accepted: 7 October 2022

References
 1. Ni, Y. et al. Immunological perspectives on the pathogenesis, diagnosis, prevention and treatment of COVID-19. Mol. Biomed. 2, 

1 (2021).
 2. Mazzoni, A. et al. Impaired immune cell cytotoxicity in severe COVID-19 Is IL-6 dependent. J. Clin. Investig. 130, 4694–4703 

(2020).
 3. Meckiff, B. J. et al. Imbalance of regulatory and cytotoxic SARS-CoV-2-reactive CD4+ T cells in COVID-19. Cell 183, 1340–1353 

(2020).
 4. Liu, R. et al. Decreased T cell populations contribute to the increased severity of COVID-19. Clin. Chim. Acta 508, 110–114 (2020).
 5. Jiang, M. et al. T-cell subset counts in peripheral blood can be used as discriminatory biomarkers for diagnosis and severity predic-

tion of coronavirus disease 2019. J. Infect. Dis. 222, 198–202 (2020).
 6. Charoenngam, N. & Holick, M. F. Immunologic effects of vitamin D on human health and disease. Nutrients 12, 2097 (2020).
 7. Herr, C., Shaykhiev, R. & Bals, R. The role of cathelicidin and defensins in pulmonary inflammatory diseases. Expert Opin. Biol. 

Ther. 7, 1449–1461 (2007).
 8. Martens, P. J., Gysemans, C., Verstuyf, A. & Mathieu, A. C. Vitamin D’s effect on immune function. Nutrients 12, 1248 (2020).
 9. Zhang, Y. P., Wan, Y. D., Sun, T. W., Kan, Q. C. & Wang, L. X. Association between vitamin D deficiency and mortality in critically 

ill adult patients: A meta-analysis of cohort studies. Crit. Care 18, 684 (2014).
 10. Bychinin, M. V. et al. Low circulating vitamin D in intensive care unit-admitted COVID-19 patients as a predictor of negative 

outcomes. J. Nutr. 151, 2199–2205 (2021).
 11. Gönen, M. S. et al. Rapid and effective vitamin D supplementation may present better clinical outcomes in COVID-19 (SARS-

CoV-2) patients by altering serum INOS1, IL1B, IFNg, cathelicidin-LL37, and ICAM1. Nutrients 13, 4047 (2021).
 12. Jolliffe, D. A. et al. Vitamin D supplementation to prevent acute respiratory infections: A systematic review and meta-analysis of 

aggregate data from randomised controlled trials. Lancet Diabetes Endocrinol. 9, 276–292 (2021).
 13. Almerighi, C. et al. 1α,25-dihydroxyvitamin D3 inhibits CD40L-induced proinflammatory and immunomodulatory activity in 

human monocytes. Cytokine 45(3), 190–197 (2009).
 14. Entrenas Castillo, M. et al. Effect of calcifediol treatment and best available therapy versus best available therapy on intensive care 

unit admission and mortality among patients hospitalized for COVID-19: A pilot randomized clinical study. J. Steroid Biochem. 
Mol. Biol. 203, 105751 (2020).

 15. Lakkireddy, M. et al. Impact of daily high dose oral vitamin D therapy on the inflammatory markers in patients with COVID 19 
disease. Sci. Rep. 11, 1–8 (2021).

 16. Murai, I. H. et al. Effect of a single high dose of vitamin D3 on hospital length of stay in patients with moderate to severe COVID-
19: A randomized clinical trial. JAMA 325, 1053–1060 (2021).

 17. Sabico, S. et al. Effects of a 2-week 5000 iu versus 1000 iu vitamin d3 supplementation on recovery of symptoms in patients with 
mild to moderate covid-19: A randomized clinical trial. Nutrients 13, 2170 (2021).

 18. Rastogi, A. et al. Short term, high-dose vitamin D supplementation for COVID-19 disease: A randomised, placebo-controlled, 
study (SHADE study). Postgrad. Med. J. 98, 87–90 (2022).

 19. Sánchez-Zuno, G. A. et al. Vitamin D levels in COVID-19 outpatients from western Mexico: Clinical correlation and effect of its 
supplementation. J. Clin. Med. 10, 2378 (2021).

 20. Varikasuvu, S. R. et al. COVID-19 and vitamin D (Co-VIVID study): A systematic review and meta-analysis of randomized 
controlled trials. Expert Rev. Anti Infect Ther. 20, 907–913 (2022).

 21. Kitajima, I., Maruyama, I., Matsubara, H., Osame, M. & Igata, A. Immune dysfunction in hypophosphatemic vitamin D-resistant 
rickets: Immunoregulatory reaction of 1 alpha(OH) vitamin D3. Clin. Immunol. Immunopathol. 53, 24–31 (1989).

 22. Quesada, J. M. et al. The effect of calcitriol on natural killer cell activity in hemodialyzed patients. J. Steroid Biochem. 34, 423–425 
(1989).

Figure 2.  Flow diagram of the COVID-VIT trial.



9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:18604  | https://doi.org/10.1038/s41598-022-22045-y

www.nature.com/scientificreports/

 23. Yu, S. & Cantorna, M. T. The vitamin D receptor is required for iNKT cell development. Proc. Natl. Acad. Sci. U.S.A. 105, 5207–5212 
(2008).

 24. Lee, G. Y. et al. Differential effect of dietary vitamin D supplementation on natural killer cell activity in lean and obese mice. J. 
Nutr. Biochem. 55, 178–184 (2018).

 25. Weeres, M. A. et al. The effects of 1,25-dihydroxyvitamin D3 on in vitro human NK cell development from hematopoietic stem 
cells. J. Immunol. 193, 3456–3462 (2014).

 26. Lee, K. N. et al. VDUP1 is required for the development of natural killer cells. Immunity 22, 195–208 (2005).
 27. Al-Jaderi, Z. & Maghazachi, A. A. Effects of vitamin D3, calcipotriol and FTY720 on the expression of surface molecules and 

cytolytic activities of human natural killer cells and dendritic cells. Toxins (Basel) 5, 1932–1947 (2013).
 28. Kalicińska, E. et al. Immunosuppression as a hallmark of critical COVID-19: Prospective study. Cells 10, 1293 (2021).
 29. Zingaropoli, M. A. et al. Major reduction of NKT cells in patients with severe COVID-19 pneumonia. Clin. Immunol. 22, 108630 

(2021).
 30. Kim, E. Y. et al. Persistent activation of an innate immune response translates respiratory viral infection into chronic lung disease. 

Nat. Med. 14, 633–640 (2008).
 31. Vabret, N. et al. Immunology of COVID-19: Current state of the science. Immunity 52, 910–941 (2020).
 32. Vassiliou, A. G. et al. Vitamin D deficiency correlates with a reduced number of natural killer cells in intensive care unit (ICU) 

and non-ICU patients with COVID-19 pneumonia. Hellenic J. Cardiol. 62, 381–383 (2021).
 33. Amrein, K., Papinutti, A., Mathew, E., Vila, G. & Parekh, D. Vitamin D and critical illness: What endocrinology can learn from 

intensive care and vice versa. Endocr. Connect. 7, 304–315 (2018).
 34. Krishnan, A. et al. Acute fluid shifts influence the assessment of serum vitamin D status in critically ill patients. Crit. Care 14, 216 

(2010).
 35. Hiemstra, T. F., Casian, A., Boraks, P., Jayne, D. R. & Schoenmakers, I. Plasma exchange induces vitamin D deficiency. QJM 107, 

123–130 (2014).
 36. Loucera, C. et al. Real world evidence of calcifediol or vitamin D prescription and mortality rate of COVID-19 in a retrospective 

cohort of hospitalized Andalusian patients. Sci. Rep. 11, 23380 (2021).
 37. National Heart, Lung, and Blood Institute PETAL Clinical Trials Network et al. Early high-dose vitamin  D3 for critically ill, vitamin 

D-deficient patients. N. Engl. J. Med. 381, 2529–2540 (2019).
 38. Tuohimaa, P. et al. Both high and low levels of blood vitamin D are associated with a higher prostate cancer risk: A longitudinal, 

nested case-control study in the Nordic countries. Int. J. Cancer 108, 104–108 (2004).
 39. Sun, X. et al. Cytokine storm intervention in the early stages of COVID-19 pneumonia. Cytokine Growth Factor Rev. 53, 38–42 

(2020).
 40. Holick, M. F. et al. Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline. 

J. Clin. Endocrinol. Metab. 96, 1911–1930 (2011).
 41. Lips, P. et al. Current vitamin D status in European and Middle East countries and strategies to prevent vitamin D deficiency: A 

position statement of the European Calcified Tissue Society. Eur. J. Endocrinol. 180, 23–54 (2019).

Acknowledgements
The authors are grateful for the assistance of the health care personnel of the intensive care units of the Federal 
Research Clinical Center. We also acknowledge the laboratory personnel for assistance with samples every day.

Author contributions
M.V.B., T.V.K., V.P.B. and A.V.T. designed research; M.V.B. conducted research and wrote the main manuscript 
text; T.V.K. and I.A.M. edited the paper; N.A.K. and G.M.Y. performed laboratory analyses. I.A.M. analyzed data 
and prepared figures; M.V.B. had primary responsibility for final content. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.V.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of vitamin D3 supplementation on cellular immunity and inflammatory markers in COVID-19 patients admitted to the ICU
	Results
	Primary outcome. 
	Secondary outcomes. 
	Adverse events. 

	Discussion
	Conclusion
	Material and methods
	Study design and participants. 
	Study approval. 
	Inclusion criteria. 
	Exclusion criteria. 

	Randomization and study interventions. 
	Outcome measures. 
	Primary outcomes. 
	Secondary outcomes. 

	Laboratory assays and data analysis. 
	Data presentation and statistics. 

	References
	Acknowledgements


