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Abstract: There is no specific and effective medication for coronavirus disease 2019 
(COVID-19), and avaccine is not available in recent months. Here, we hypothesize that 
a single large dose of vitamin D (Vit D) could be an option for trial in COVID-19. Vit 
D deficiency or insufficiency is very common in the general population as well as in patients 
with COVID-19. It has been shown that low Vit D level is associated with viral infection, 
and Vit D supplementation is beneficial for people infected with viruses, such as HIV and 
hepatitis C virus. Although COVID-19 is a respiratory disease, the morbidity and mortality 
of this disease are driven by coagulopathy. Clinical studies have shown that Vit D can exert 
anticoagulant effects. Vit D, a lipid-soluble vitamin, can be administered as a draught. Vit 
D supplementation is safe and has rare toxic events. In addition, the cost of Vit D is fairly 
low. Based on these observations, we speculate that a single dose of 300,000 IU Vit D may 
have a role in the prevention and treatment of COVID-19. 
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Introduction
Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) is an unprecedented challenge for the whole 
world and modern medicine. According to reports of the World Health Organization 
(WHO), incidence and prevalence of this virus infection is still increasing world-
wide, and as of August 5, 2020, more than 18 million people have been affected, 
including more than 696 thousand deaths. Since COVID-19 is a completely new 
disease, no specific drug has been proven to be efficacious and safe for treating it at 
present.1 Moreover, vaccine development and clinical application may take years. 
Therefore, any low-risk treatment is worth trying to help control the global 
pandemic.

Vitamin D (Vit D) is an essential lipid-soluble vitamin and steroid prohormone. The 
benefits of Vit D are not limited to the regulation of calcium and phosphorus metabo-
lism and the maintenance of bone health. It has been demonstrated that Vit D deficiency 
or insufficiency is associated with cardiovascular diseases,2 tumors,3 respiratory 
infections,4,5 asthma,6,7 and other diseases8–11 (Table 1). Vit D deficiency is defined 
as a 25-hydroxyvitamin D [25(OH)D] below 20 ng/mL, insufficiency as a 25(OH)D of 
21–29 ng/mL, and sufficiency as a 25(OH)D of 30–100 ng/mL.12 Epidemiologically, 
Vit D deficiency or insufficiency has been reported to be very common in all age 
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groups. The proportion of Vit D deficiency and insufficiency 
in Shanghai postmenopausal women in winter is as high as 
98%.13 A study of males in Beijing also reports that the 
proportion of Vit D deficiency and insufficiency is 88%.14 

Likewise, the proportion in pregnant women in winter in the 
southeastern US is 87.6%.15 The latest study published in 
July 2020 showed that the mean plasma 25(OH)D level was 
significantly lower among people who tested positive than 
negative for COVID-19.16 Notably, quarantine would lead to 
a decreased intake of Vit D in diet and reduced outdoor 
sunlight exposure activity.17

The Hypotheses
Antiviral Effect of Vit D
There is strong evidence that low Vit D level is asso-
ciated with viral infection and Vit D supplementation is 
beneficial for people receiving antiviral therapy. 
Respiratory syncytial virus (RSV) and human metapneu-
movirus (hMPV) are major causes of illness in hospita-
lized children. It was reported that Vit D deficiency is 
commonly detected among RSV and/or hMPV-positive 
children and is associated with significantly elevated 
risk of intensive care unit admission and invasive 
mechanical ventilation.18,19

Moreover, Vit D plays a role in the treatment of RNA 
viruses such as human immunodeficiency virus (HIV) 
and hepatitis C virus (HCV). Vit D deficiency is asso-
ciated with lower absolute CD4+ T-cell count recovery in 
HIV-positive patients and Vit D supplementation may 
improve the CD4+ T cell count recovery.20 A pilot, open- 
label, prospective phase 1 clinical trial in HIV-positive 
patients with Vit D deficiency showed that a single dose 
of 200,000  IU oral Vit D increased the frequencies of 
antigen-specific T cells expressing macrophage inflam-
matory protein 1β (MIP-1β), an important anti-HIV 
blocking chemokine. In addition, plasma cathelicidin, 
a Vit D response gene encoding product with broad 
antimicrobial activity, was also increased after the 
treatment.21 These results suggested that Vit 
D supplementation may be a useful adjunct to highly 
active antiretroviral therapy.

Heightened immune activation and exhaustion drive HIV 
disease progression and comorbidities. In a recent study, 51 
HIV-infected youths, with baseline serum 25(OH)D concen-
trations ≤30 ng/mL, were enrolled and treated by adding 
three different Vit D doses of 18,000 IU, 60,000 IU and 
120,000 IU monthly on a combination antiretroviral therapy. 
The measured markers CD4 activation (CD4+CD38+HLA- 
DR+), CD8 activation (CD8+CD38+HLA-DR+) and inflam-
matory monocytes (CD14+CD16+) were significantly 
decreased in the high-dose group. These data suggested that 
high-dose Vit D supplementation may attenuate immune 
activation and exhaustion and serve as adjuvant therapy to 
antiretroviral therapy in HIV-infected people.22 Meta- 
analysis showed that an adequate level of 25(OH)D was 
positively associated with the number of CD4+ cells in HIV- 
infected individuals.23

Similarly, Vit D levels in HCV-infected patients are 
significantly lower than in healthy subjects. Responders to 
ribavirin plus pegylated interferon alpha 2α therapy have 
significantly higher Vit D levels than nonresponders.24 It 
has been demonstrated that Vit D supplementation for 
24 weeks combined with conventional therapy significantly 
improve the virological response in HCV-infected 
children.25

Collectively, the Vit D deficiency might play a role in 
the development of COVID-19. Vit D can modulate the 
expression and secretion of type 1 interferon, chemokines 
(including CXCL8 and CXCL10) and pro-inflammatory 
cytokines, such as tumor necrosis factor (TNF) and inter-
leukin-6 (IL-6), in human respiratory epithelial cell 
culture.26 Vit D supplementation might have a potential 

Table 1 Vitamin D Deficiency or Insufficiency-related Diseases 
and Disorders

Category Related Diseases and Disorders

Cardiovascular 

disease2

Heart failure, myocardial infarction, and 

ischemic heart disease

Tumor3 Colorectal cancer, breast cancer, prostate 

cancer, melanoma, lung cancer, and cutaneous 

cancers

Infectious 
diseases4,5

Acute respiratory tract infection

Respiratory 
disease6,7

Asthma

Neuropsychiatric 
diseases8

Alzheimer's disease, Parkinson's disease, 
multiple sclerosis, and schizophrenia

Dermatosis9 Dermatitis, psoriasis, and vitiligo

Metabolic 

disease10

Obesity, type 2 diabetes mellitus, insulin 

resistance

Autoimmune 

disease11

Systemic lupus erythematosus, iridocyclitis, 

Crohn’s disease, ulcerative colitis, rheumatoid 
arthritis, and polymyalgia rheumatica
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role in the antiviral treatment. Therefore, it is reasonable to 
speculate that Vit D may be useful in the antiviral therapy 
against SARS-CoV-2 infection.

In addition, both immune dysfunction and cytokine 
storm play a fundamental role in the development of 
COVID-19.27 It is known that Vit D modulates the function 
of immune cells, such as T and B cells, monocytes and 
dendritic cells, in an interplay between the innate and adap-
tive immune systems,28 and regulates the expression and 
secretion of cytokines such as TNF and IL-6.26 In terms of 
these effects on immune system, therapeutic intervention 
with Vit D might prevent and treat COVID-19.

Anticoagulant Effect of Vit D
It has been shown that Vit D takes effect on the blood 
coagulation parameters. In patients with primary ovarian 
insufficiency, serum Vit D level was inversely correlated 
with D-dimer.29 In a study involving the pregnant women 
with early stage of preeclampsia, the improvement of serum 
fibrinogen level and activated partial thromboplastin time 
after Vit D intervention was better than that of the conven-
tional treatment group.30 Moreover, a previous study 
reported that treatment of Vit D deficiency in patients with 
thromboembolism resulted in the control of the international 
normalized ratio with the lower doses of warfarin.31

Although COVID-19 is an acute respiratory disease, 
more and more data have shown that the morbidity and 
mortality of this disease are driven by coagulopathy, 
which leads to thromboses, thereby causing multiple sys-
tem or organ failure and costing enormous medical 
expense. Recent studies have indicated that severe 
COVID-19 is associated with a significant coagulopathy 
that correlates with disease severity in Caucasian 
patients.32 A study carried out in two hospitals in 
Wuhan, China, enrolled 48 patients critically ill with 
COVID-19 who received compression ultrasound exam-
inations in the lower extremities, showed that deep venous 
thrombosis was detected in 41 patients.33 According to 
a study in Wuhan Tongji Hospital, the nonsurvivors 
revealed significantly higher D-dimer and fibrin degrada-
tion product levels, and longer prothrombin time and 
activated partial thromboplastin time compared with the 
survivors; 71.4% of nonsurvivors and 0.6% survivors 
meet the criteria of disseminated intravascular 
coagulopathy.34 Anticoagulant therapy mainly with low 
molecular weight heparin appears to be associated with 
better prognosis in patients severely ill with COVID-19 

meeting sepsis-induced coagulopathy criteria or with 
markedly elevated D-dimer.35

Based on the aforementioned findings, we speculate 
that Vit D deficiency or insufficiency may be an under-
lying contributor to coagulopathy associated with COVID- 
19. Vit D can play an anticoagulant role in treating patients 
severely ill with COVID-19 and preventing mild cases 
from becoming severe.

Vit D Administration is Convenient and 
Safe
Vit D is a lipid-soluble vitamin, and can be administered 
as a draught. From our clinical experience in patients with 
Vit D deficiency or insufficiency, a single dose of 300,000 
IU (in one ampulla) is safe. Four weeks after the admin-
istration, the serum 25(OH)D concentration can be ele-
vated to the level of about 60 ng/mL, and all the patients 
have normal blood calcium levels.

Vit D supplementation is very safe and Vit D toxicity is 
a rare event caused by ingestion of excessively high 
amounts of Vit D. Most studies in children and adults 
have suggested that the blood levels need to be above 
150 ng/mL before there is any concern. Therefore, an 
upper level of 100 ng/mL provides a safety margin in 
reducing risk of hypercalcemia.12 The cases of Vit 
D toxicity accompanied by various toxic symptoms have 
serum 25(OH)D concentrations ranging from 213 to >640 
ng/mL (533 to >1600 nmol/L).36

To ensure safety, testing the blood calcium and 25(OH) 
D levels two to four weeks after taking Vit D is needed, 
but in most cases it is not always necessary.

The Administration of a Single Large 
Dose of Vit D
A single dose of 300,000 IU Vit D is taken orally as 
a draught for general population, outpatients, and inpati-
ents. In fact, a single dose of 300,000 IU Vit D is often 
administrated to treat the general population or pregnant 
woman with Vit D deficiency or insufficiency in clinical 
practice. Moreover, the dose of 300,000 IU was also used 
in some clinical trials among HIV-infected patients37 and 
rheumatic patients.38

For some patients with severe conditions, a dose of 
300,000 IU Vit D was often administered via intramuscu-
lar injection.39 If needed, another dose of 300,000 IU can 
be administrated after two or three months.
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Clinical Significance
The pandemic of COVID-19 is raging around the world, 
there is no specific and effective treatment for the disease, 
and thea vaccine is not available in recent months. The low- 
risk and low-cost administration of Vit D is worth trying to 
help control the global pandemic and Vit D supplementation 
is an easily acceptable treatment for people.

Conclusion
Based on the antiviral and anticoagulant effects of Vit D, 
as well as its convenience and safety, we hypothesize that 
a single dose of 300,000 IU of Vit D can be helpful for the 
treatment or prevention of COVID-19 (Figure 1). It is very 

necessary to add Vit D to the ongoing treatment trials, 
especially in the case that no specific medications are 
available for the treatment of COVID-19.

Dedication
The authors would like to dedicate this article to WHO 
and clinicians to help to control the pandemic of 
COVID-19 by turning this hypothesis with specific 
recommended dose and protocol into reality or initiating 
a clinical trial.

Disclosure
The authors report no conflicts of interest in this work.

Figure 1 A single large dose of vitamin D could be used as a means of COVID-19 prevention and treatment.
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