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Introduction

On 11 March 2020, the World Health Organization (WHO) 
officially declared the coronavirus disease 2019 (COVID-
19), caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), a global pandemic.1 The 
SARS-CoV-2 was originally identified in Wuhan, China as 
the cause of a cluster of pneumonia cases that quickly spread 
worldwide.2 As of 13 January 2021, over 3.5 million cases 
have been reported with almost 250,000 deaths around the 
world.3 Many efforts from the medical and scientific com-
munities are being made to understand, characterize, and 
combat this alarming infectious disease. Currently, there is a 
need for treatments against COVID-19 as well as for the 
identification of measures to prevent the infection or at least 
attenuate disease escalation. Agents involved in regulating 
the immune response to infective agents have, at least in 
theory, the potential to play a role in the containment of 
COVID-19. One inexpensive and low-risk molecule capable 
of regulating the immune response is vitamin D.

Vitamin D is a fat-soluble vitamin that is produced 
through dermal synthesis when ultraviolet (UV) rays from 
the sun strike the skin. Vitamin D can also be obtained in 
leafy vegetables, dairy products, fish, and artificially forti-
fied foods. Whether obtained endogenously or in the diet, 
vitamin D requires further modification in order to become 
biologically active (Figure 1). First, vitamin D is converted 
in the liver to calcidiol, or 25-hydroxyvitamin D (25(OH)D) 
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by the enzyme 25-hydroxylase. Then, calcidiol travels to the 
kidneys and through the enzyme 1α-hydroxylase becomes 
calcitriol, also known as 1,25-dihydroxyvitamin D 
(1,25(OH)2D).4 Once metabolically active, vitamin D has 
many roles in the body such as homeostasis of serum cal-
cium and phosphate levels, bone metabolism, and regulation 
of the immune system.4–7 Not surprisingly, studies have cor-
related vitamin D deficiency with a number of autoimmune 
diseases such as rheumatoid arthritis, type 1 diabetes, sys-
temic lupus erythematosus, and inflammatory bowel dis-
ease.8–13 Even further, when assessing the total mortality of 
the general population, vitamin D deficiency is sometimes 
considered an independent risk factor.14 It is therefore pos-
sible that vitamin D’s influence over the immune system 
could be involved in how at least some individuals respond 
to SARS-Cov-2. In order to explore this possibility, here we 
present the following: (1) the numerous roles vitamin D 
plays in modulating the immune response; (2) data currently 
available on COVID-19’s clinical presentation and its 

relation to cytokines and similar molecules; (3) what it is 
known about how coronaviruses elicit an inflammatory reac-
tion; and (4) the potential contribution vitamin D may 
assume in reducing the risk and severity of COVID-19.

Methods

A review of current literature was conducted via MEDLINE 
and Google Scholar using search terms such vitamin D, 
immune system, immune response, COVID-19, SARS, and 
SARS-Cov-2. The search was limited to studies published in 
English. Special emphasis was placed on finding publica-
tions in which vitamin D was used in the treatment of 
COVID-19 or in which vitamin D levels were associated 
with inflammatory markers. For each of the scientific papers 
identified relating to vitamin D, COVID-19, and inflamma-
tory markers, its references were thoroughly inspected with 
the goal to retrieve further publications on this topic.

Results

Role of vitamin D in modulating the immune 
response

Vitamin D has a signaling role in modulating both the adap-
tive and innate branches of the immune system. Vitamin D 
enacts these changes in its calcitriol form by interacting with 
nuclear vitamin D receptors (nVDR) expressed on B and T 
lymphocytes, neutrophils, monocytes, and dendritic cells 
(DC).9 In addition, these same immune and inflammatory 
cells have the ability to convert calcidiol to calcitriol through 
upregulation of enzyme 1-α-hydroxylase (CYP27B1), which 
hydroxylates calcidiol into its active form, calcitriol.9,11 
Vitamin D also induces production of antimicrobial peptides 
such as defensins β2 and β4 and cathelicidin antimicrobial 
peptide (CAMP) by macrophages, monocytes, keratinocytes, 
epithelial, intestinal, lung, and corneal cells.8,9 In mac-
rophages and monocytes, this enhances chemotaxis, 
autophagy, and phagolysosomal fusion of immune cells. In 
keratinocytes and epithelial, intestinal, lung, and corneal 
cells, this reinforces the physical barrier function. 
Collectively, these anti-microbial effects increase the body’s 
defense against microbes.8,11

Vitamin D also has effects on the adaptive immune sys-
tem, which include switching between cell-mediated (Th1) 
and humoral (Th2) immunity.10,11 Calcitriol downregulates 
Th1 immune responses by inhibiting the production of type 
1 proinflammatory cytokines such as IL-12, IFN-γ, IL-6, 
IL-8 TNF-α, and IL-9. In contrast, vitamin D upregulates the 
production of type 2 anti-inflammatory cytokines such as 
IL-4, IL-5, and IL-10.8,9 This cytokine regulation is mainly 
mediated by blocking NF-kB p65 activation via the upregu-
lation of the NF-kB inhibitory protein IkBa.9 In addition, 
calcitriol upregulates Th2 cells and tolerogenic DC, inhibits 
Th1 cell proliferation, and induces T regulatory (Treg) cells. 

Figure 1. Synthesis of metabolically active vitamin D 
(1,25(OH)2D). (a) Vitamin D is produced when ultraviolet (UV) 
rays from the sun strike the skin and can also be obtained from 
leafy vegetables, dairy products, fish, and vitamin D fortified 
foods. (b) Vitamin D is converted in the liver to calcidiol, or 
25-hydroxyvitamin D (25(OH)D). (c) Then, calcidiol travels to 
the kidneys and becomes enzymatically converted to calcitriol, 
also known as 1,25-dihdrydroxyvitamin D (1,25(OH)2D).
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All of which results in the upregulation of anti-inflammatory 
cytokines and decreased production of inflammatory 
cytokines.10 Moreover, vitamin D induces the shift of mac-
rophage polarization from proinflammatory M1 phenotype 
toward the anti-inflammatory M2 phenotype.15 Vitamin D 
also inhibits DC differentiation by decreasing its expression 
of MHC class II molecules, co-stimulatory molecules, and 
IL-12.9 Inhibition of differentiation and maturation of DC 
prevents autoimmunity and promotes self-tolerance. This is 
because antigen presentation by mature DC induces an 
immune response, while antigen presentation by immature 
DC induces tolerance.9 In immunoglobulin-producing B 
cells, calcitriol inhibits B cell differentiation, proliferation, 
and promotes apoptosis. This has clinical importance for 
potential autoimmune diseases where antibodies play a 
major role.9,10 The overall effect of vitamin D is anti-inflam-
matory and helps to prevent autoimmunity.8 Taken together, 
it is evident that vitamin D can regulate at least some immune 
responses and that its role is mostly anti-inflammatory.

Clinical presentation of COVID-19

As mentioned previously, the SARS-CoV-2 (COVID-19) 
pandemic has affected the lives of many worldwide. In 
December 2019, the first cases of an unknown respiratory 
illness in three hospitalized patients caused by a novel virus 
were reported to the WHO and by 11 March 2020, WHO 
declared the novel coronavirus outbreak a pandemic.16,17 
When SARS-CoV-2 was declared a pandemic, it had already 
spread to 118 countries, via human to human transmission, 
and already had over 118,000 cases.16 To determine the con-
tagiousness of a disease, the basic reproduction rate (R0) can 
be calculated using three main considerations: (1) the poten-
tial infectious period; (2) the likelihood of infection between 
the infected versus the non-infected; and (3) the contact 
rate.18 An endemic is likely for any disease process that has 
an R0 value greater than 1. The SARS-CoV-2 virus has an 
estimated R0 of 2.2 to 3.58, meaning that each infected 
patient with CoV-2 can potentially spread the disease to an 
average of 2–4 people.19,20

Coronaviruses are a family of enveloped positive sense 
RNA viruses that are grouped into four types: alpha, beta, 
gamma, and delta coronaviruses.21 Coronaviruses more 
commonly cause diseases in animals, but can also infect 
humans, most often causing the common cold. However, in 
recent years, they have also caused more serious diseases in 
humans, such as SARS-CoV in 2003 and Middle East res-
piratory syndrome (MERS-CoV) in 2012.21 Shortly after the 
emergence of SARS-CoV, it was hypothesized that cytokine 
storms played a large role in the severity of lung inflamma-
tion. A 2005 article studied the effects of IFN-γ on human 
lung epithelial and fibroblast cell lines and found that the 
alveolar epithelial cells were more susceptible to IFN-γ than 
the fibroblast cell lines, with IFN-γ enhancing Fas-mediated 
apoptosis and inhibiting proliferation.22 Moreover, both cell 

lines were capable of T-cell target cytokine secretion, with 
the cytokine profile similar to those detected in SARS 
patients. It was proposed that IFN-γ may be culpable for 
acute lung injury during the late phase of SARS infection. 
Cytokine profiles in patients with MERS-CoV infection 
demonstrated a Th1 and Th17 response with high levels of 
pro-inflammatory cytokine secretions such as IFN-γ, TNF-
α, IL-15 and IL-17 when compared to a control group.23 
Both SARS-CoV and MERS-CoV infections involve a 
heightened pro-inflammatory cytokine response by the 
immune system that is thought to play a role in mediating 
disease severity.

The novel coronavirus is of the beta subtype, which also 
encompasses SARS.19 The CoV-2 virus also shares 85% of 
its genomic identity with SARS-CoV suggesting similarities 
in the diseases, though they are not the same.24 Coronavirus 
transmission is zoonotic, believed to have originated in bats 
which serve as host reservoirs.25 The virus is then transmit-
ted from bats to intermediate host animals such as the palm 
civet or dromedary camels, which can then be spread to 
humans through close contact or consumption of milk/urine, 
or uncooked meat, as it was the case with SARS and MERS, 
respectively.25,26

The most common symptoms of COVID-19 infection 
include fever, shortness of breath, and dry cough, which 
normally presents after 5.2 days of incubation.27 In 41 
patients admitted for COVID in a Wuhan hospital, 32% had 
an underlying disease (diabetes, hypertension, and cardio-
vascular disease).28 Laboratory findings showed leukopenia 
(white blood less < 4 × 109/L) in 25% of patients and lym-
phopenia (lymphocyte count < 1.0 × 109/L) in 63%.28 
Plasma concentrations of inflammatory markers between 
patients treated in the intensive care unit (ICU) versus non-
ICU patients showed higher amounts of IL2, IL7, IL10, 
GCSF, IP10, MCP1, MIPIA, and TNF in ICU patients.28 A 
retrospective study of 191 COVID patients from two Wuhan 
hospitals found that IL-6 was also elevated among COVID 
patients, with non-survivors having almost double the 
amount of IL-6 compared to the COVID survivors.29 The 
authors of this study also observed that the most common 
complication was sepsis (59%) followed by respiratory fail-
ure (54%) and ARDS (31%).29 Non-survivor patients expe-
rienced a drastic increase in complications compared to 
survivors. For example, non-survivors had a 93% rate of 
ARDS, while only a 7% occurrence rate was seen in survi-
vors.29 Other findings seen in the 191 patient cohort was that 
increased levels of cardiac troponin I, lactate dehydroge-
nase, and lymphopenia was observed in more severe 
COVID-19 cases.29 Chest computed tomography (CT) find-
ings in patients with COVID normally demonstrates bilat-
eral ground glass opacities that do not spare the sub-pleural 
lining.30,31 Some other findings in a retrospective study of 
138 hospitalized patients with COVID included atypical 
presentations such as diarrhea and nausea, older age, and 
underlying comorbidities in patients with severe disease, 
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and possible complications of ARDS, arrhythmia, and 
shock.31 In a study looking at 34 SARS-CoV-2 patients in an 
ICU in France, the authors observed increased thrombotic 
events, likely due to the heightened inflammatory response 
as well as immobilization, reporting 27 patients with con-
firmed deep venous thrombosis (DVT).32 In another study 
comprising 150 patients with ARDS due to COVID signifi-
cantly more cases of thrombotic events, mainly pulmonary 
embolisms were observed when compared to patients with 
ARDS not caused by COVID (11.7% vs 2.1%, p < 0.008). 
Patients in both studies also had elevated fibrinogen and D 
dimer levels.32,33

Treatment of COVID-19 remains under intense study. 
Current standard care for mild cases is mainly supportive 
and focused on relieving clinical symptoms and avoiding 
complications. Corticosteroids and remdesivir limit disease 
progression and mortality in moderate and severe cases of 
COVID-19.34 A recent meta-analysis on the effectiveness of 
remdesivir described similar results.35 Other treatment 
approaches that appear to lower mortality in critically ill 
patients are intravenous immunoglobulin, ivermectin, and 
tocilizumab.34 This evidence, however, remains inconclu-
sive. However, patients who do not require ICU admission 
and are treated with either interferon-alpha, itolizumab, 
sofosbuvir plus daclatasvir, anakinra, or convalescent plasma 
experience a reduction in mortality.34 Convalescent plasma 
has also shown to decrease viral clearance.34

The potential therapeutic role of vitamin D in COVID-19 
was recently tested by a Spanish team.36 In this pilot study, 
the authors found that oral 25(OH)D given to patients with 
confirmed cases of COVID-19 admitted to the hospital pre-
vented the need for ICU treatment. Moreover, 2 of the 25 
patients not treated with vitamin D died, while no deaths 
occurred on any of the 50 treated individuals. While the 
authors acknowledged that further research is needed in this 
area, they also suggest that vitamin D reduces the severity of 
COVID-19. Due to the lack of established treatment alterna-
tives, high expectations have been placed in the effective-
ness and safety of the vaccines currently in distribution.37

COVID-19 and the immune response

SARS-CoV-2 is primarily spread through respiratory drop-
lets and binds to angiotensin-converting enzyme 2 (ACE2) 
which is found on type II alveolar cells within the lungs.38–40 
ACE2 is the cellular receptor for both SARS-CoV and the 
SARS-CoV-2.38,39 Once the virus enters the host cell, it will 
shed its viral RNA and begin replication.39 In order for the 
virus to be detected by the host immune system, pathogen-
associated molecular patterns (PAMPs) or uncapped RNA is 
detected by pattern recognition receptors (PRRs) such as 
endosomal RNA receptors, cytosolic RNA sensors, toll-like 
receptor 3 and 7 (TLR3, TLR7), retinoic acid-inducible gene 
1 (RIG1), or melanoma differentiation-associated protein 5 
(MDA5).38–40 Once the PRRs have been activated, a series of 
downstream signaling occurs inducing the activation of 

NF-κB and type I interferon which will lead to the produc-
tion of pro-inflammatory cytokines and antiviral proteins 
respectively.38–40 For example, TLR7 activates myeloid dif-
ferentiation factor-88 (MyD88) in turn stimulating kinase 
complexes (IKK/IKK) which induces NF-κB to increase the 
transcription of proinflammatory cytokines (TNF, IL-6, 
IL-12).41 MyD88 also promotes antiviral properties through 
the production of IFN-α.41 The downstream signaling acti-
vated by the PRRs detecting viral RNA is an important step 
in the innate immune response. Activation of interferon aids 
in ceasing viral replication during the early phases of infec-
tion; however, highly pathogenic coronavirus, such as MERS 
and SARS, appear to inhibit interferon activation thereby 
blocking the innate immune system.

Another proposed mechanism by which coronaviruses 
inhibit the host innate immune response is via non-specific 
proteins (NSP) 1-16.42,43 NSP1 is of particular interest as it is 
only found in alpha and beta coronaviruses, which are the 
main groups of coronaviruses that infect humans.43 In SARS-
CoV, NSP1 inhibits the expression of INF-β likely by bind-
ing to the host 40S ribosomal subunit and causing translation 
inhibition as well as endonucleolytic mRNA cleavage.43,44

In addition to its well-known effects on vasoconstriction 
and blood pressure, the renin-angiotensin system (RAS) is 
also involved in inflammation.45,46 Once RAS is activated, 
angiotensin II levels increase, eliciting inflammation via 
NF-κB activation which in turns stimulates proinflamma-
tory cytokines such as TNF, IL-6, and IL-12.41,45 Under nor-
mal circumstances, ACE2 halts RAS activation but infection 
with SARS-CoV-2 leads to ACE2 endocytosis.45 Lower lev-
els of ACE2 caused by SARS-CoV-2 maintain a proinflam-
matory cycle as it promotes angiotensin II accumulation 
that translates into acute lung damage and potentially 
ARDS.45,47 Under some circumstances, vitamin D can lower 
renin one of the molecules responsible for RAS activa-
tion.45,48,49 By decreasing renin, vitamin D can revert the 
proinflammatory cycle.

SARS-CoV is also known to cause lung damage by aug-
menting levels of IFN-γ, IL-1, IL-6, IL-8, IL-12 IP-10, and 
MCP-1 in more severely ill patients.50 Similarly, over activa-
tion of the Th1-mediated immune response and subsequent 
increase in natural killer (NK) cells and polymorphonuclear 
neutrophils (PMN) lead to lung injury in patients with SARS-
CoV.50 This heightened inflammatory response elicited by 
SARS-CoV closely corresponds to what is currently known 
about SARS-CoV-2. Patients with more severe cases of 
SARS-CoV-2 presented higher levels of IL2, IL6, IL7, IL10, 
GCSF, IP10, MCP1, MIPIA, and TNF.28,29 This influx of 
cytokines contributes to heightened inflammatory responses 
and consequently parenchymal damage with eventual pro-
gression to ARDS.

Discussion

The COVID-19 pandemic has caused more than 20 million 
infections worldwide and close to 800,000 deaths as of 
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August 2020. Unfortunately, at the present time, treatment 
alternatives remain mostly exploratory, including for those 
individuals with severe cases of COVID-19.

The best treatment approach, as with any other illness, is 
prevention. High expectations have been placed in the vac-
cines against SARS-CoV-2 currently in the early stages of 
distribution. But, are there any other steps that could be 
taken in parallel to prevent COVID-19 or at least attenuate 
its most severe complications? This question prompted us 
as well as other researchers to explore vitamin D’s effects 
in detail.

Vitamin D’s appeal as a potential treatment alternative 
comes from its safety profile and because there are data indi-
cating vitamin D supplementation can prevent as well as 
improve outcomes in respiratory illnesses (for a review, see 
Grant et al.51). In addition, a recent literature review exam-
ined the relationship between vitamin D supplementation, 
Parkinson’s disease, and COVID-19.52 This study concluded 
that daily supplementation of vitamin D3 has the potential to 
slow the progression of Parkinson’s disease while potentially 
offer protection against COVID-19.52 Not surprisingly, sev-
eral authors have proposed vitamin D supplementation as a 
potential alternative to prevent or at least attenuate complica-
tions from COVID-19.45,51–53 Direct evidence for the use of 
vitamin D in COVID-19 is now available from a pilot, rand-
omized, open-label, double-blind, clinical trial developed on 
75 patients. This study reported that oral 25(OH)D reduced 
the number of admissions to the ICU and even the number of 
fatalities in patients with confirmed infections by SARS-
CoV-2.36 Another recent exploratory study in elderly nurs-
ing-home residents found that an oral bolus of 80,000 IU of 
vitamin D3 during the previous month or right after a diag-
nosis of COVID-19 significantly lowers the mortality rate.54 
A bolus of vitamin D also reduced the severity of COVID-
19. Later, this same research team expanded its findings by 
comparing whether monthly or every two or three months 
oral boluses of vitamin D3 would improve COVID-19 out-
comes and severity.55 Elderly patients who received regular 
boluses of vitamin D3 had better survival rates and less 
severe COVID-19 than patients prescribed only a single 
bolus or not taking vitamin D3 at all. High doses of vitamin 
D3 have also shown benefit in younger populations. Adults 
between 36 and 51 years old with vitamin D3 deficiency 
who tested positive for SARS-CoV-2 were randomized to 
either receive 60,000 IU of oral cholecalciferol daily for 7 
days or placebo. More than 60% of individuals receiving 
vitamin D3 supplementation became SARS-CoV-2 negative 
after 21 days while only 20.8% showed negative results in 
the control group.56 In addition, oral cholecalciferol signifi-
cantly decreased fibrinogen levels but other inflammatory 
markers remained unchanged such as D-dimer, procalcitonin 
and C reactive protein.

A different line of evidence suggesting vitamin D is a rel-
evant factor in the treatment of COVID-19 comes from asso-
ciation studies. Several independent research teams have 

found that low serum levels of vitamin D are associated with 
more severe cases of COVID-19.57–59 While replicated data 
indicates mortality is higher in patients with vitamin D defi-
ciency.58–60 In fact, a meta-analysis of 27 published articles 
concluded that even though vitamin D deficiency is not asso-
ciated with increased risk of infection by SARS-CoV-2, low 
vitamin D increases mortality from COVID-19.61

Also associated with vitamin D deficiency is an 
increased inflammatory reaction in the presence of SARS-
CoV-2. Inflammatory markers such as IL-6, TNFα and fer-
ritin have been found to be higher in patients with 
COVID-19 with serum levels of 25(OH)D less than 20 ng/
mL than in individuals with COVID-19 and serum levels 
of 25(OH)D greater than 20 ng/mL.58 Another study 
reported that non-survivors from COVID-19 had higher 
levels of high-sensitivity C-reactive protein, ferritin, IL-6, 
D-dimer, fibrinogen, and procalcitonin together with lower 
levels of 25(OH)D when compared with survivors admit-
ted to the same institution.60 This is not surprising if con-
sidered that the more serious complications of COVID-19 
appear to be related to a heightened immune response 
mediated at least in part by elevations in proinflammatory 
cytokines such IFN-γ, IL-2, IL-6, IL-8, IL-10 IL-12, and 
TNF. The immunomodulating properties of vitamin D 
could prove useful under these circumstances as there are 
reports indicating vitamin D can downregulate all these 
cytokines (Table 1). Moreover, binding of SARS-CoV-2 to 
ACE2 is another proposed trigger of inflammation related 
to acute lung damage.45 Clinical data suggest vitamin D 
can counter dysregulations in the RAS and therefore halt 
inflammation caused by lower levels of ACE2.45,48,49

While there is preliminary evidence about the potential 
usefulness of vitamin D in COVID-19, more extensive clini-
cally controlled studies are needed to draw any definite con-
clusions.36 Many other questions remain, including how 
vitamin D supplementation should proceed. It seems reason-
able to suggest that vitamin D should be indicated for those 
with vitamin D deficiency. Vitamin D deficiency is defined 
by the Institute of Medicine as a 25(OH)D level of less than 
20 ng/mL.62 According to the U.S. Institute of Medicine’s 
2011 guidelines, it is recommended that people younger than 
70 years supplement with 600 IU daily, and people older 
than 70 years old supplement with 800 IU daily to reach a 
level of serum 25(OH)D of 20 ng/mL or higher.62

What clinicians need to consider is that even though 
vitamin D intoxication is rare, it can occur when serum 
25(OH)D reaches levels higher than 150–200 ng/mL.63 The 
resulting side effects could present as hypercalcemia, 
hypercalciuria, and/or vascular calcification.63,64 Currently, 
there is no consensus on the dose of vitamin D to be used 
for either prevention or treatment of COVID-19. Instead, 
what most experts recommend is vitamin D supplementa-
tion for which several strategies have been proposed.65–67 
Prescribing 4000 IU per day, which is sometimes needed, 
or following other approaches such as supplementation of 
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up to 100,000 IU monthly for 3 years should be monitored 
by a specialist.66,67

Limitations

There is still no direct evidence about the immunomodula-
tory effects of vitamin D in patients with COVID-19. Here, 
we rely on association studies in patients infected with 
SARS-CoV-2 as well as data coming from in vitro and rodent 
experiments. The clinical trials that have tested vitamin D as 
part of the treatment approach for COVID-19 are small, 
recruiting only between 40 and 77 patients. In addition, the 
doses of vitamin D used varied significantly among studies.

Conclusion

The search for effective treatment approaches to combat 
COVID-19 remains. Agents capable of modulating the 
immune response triggered by SARS-CoV-2 are promising 
alternatives. Thus, the immunomodulatory capacity of vita-
min D should be further explored considering there is 
already preliminary evidence of its effectiveness against 
COVID-19.
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