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Abstract. – OBJECTIVE: In 2019, an infection 
provoked by SARS-CoV-2 virus arose in Wuhan, 
China. Currently, there is still no definite and 
efficacious therapy for SARS-CoV-2 infection. 
Moreover, our understanding of the physiopa-
thology of the infection, and risk elements for 
severity and mortality, is incomplete. 

PATIENTS AND METHODS: One largely ne-
glected element that could affect prognosis of 
SARS-CoV-2 infection is the vitamin status of 
population. The purpose of this review is to eval-
uate whether a vitamin insufficiency could pro-
voke an augmented risk of SARS-CoV-2 infection 
or the appearance of major complications. In par-
ticular, we evaluated the presence of studies re-
lated to the state and effects of vitamin D, C, B, 
and A in subjects with SARS-CoV-2 disease. 

RESULTS: Although, actually, the interest in 
a possible use for vitamin supplementation in 
SARS-CoV-2 patients is essentially based on indi-
rect data, we tried to examine the evidence about 
a favorable effect of vitamin supplementation in 
the therapy of the infection and its complications. 

CONCLUSIONS: Supplements with vitamin A, 
B, C, D, and E could represent an inexpensive 
and sufficiently safe approach, and a useful ther-
apeutic complement. However, solid clinical re-
search data are expected to support such claim.

Key Words:
SARS-CoV-2 infection, COVID 19, Vitamin D, Vita-

min C, Vitamin B, Vitamin A, Supplementation, Prog-
nosis, Susceptibility, Clinical trials.

Introduction

The ongoing epidemic outbreak of 2019 new 
betacoronavirus (COVID-19), identified as se-

vere acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), was first described in Wuhan, 
China in 2019, and endures to threaten global 
health and to hinder the global economy. Re-
grettably, presently, there is still no definite and 
efficacious therapy for SARS-CoV-2 infection1. 
Nevertheless, our understanding of the phys-
io-pathology and clinical manifestation of the 
infection, and risk elements for severity and mor-
tality, although incomplete, is quickly expanding. 
Several data demonstrate that elderly subjects and 
those with preexisting medical issues, including 
chronic respiratory disease, diabetes, cardiovas-
cular diseases, and cancer are more prone to man-
ifest severe illness with SARS-CoV-2 infection2.

In spite of problems in comparing findings 
across countries, mortality from SARS-CoV-2 
infection is evidently greater in some countries 
than in others. Several elements could have a 
responsibility in this difference, including vari-
ances in percentage of old people in a country, 
availability and value of healthcare, global health, 
and socio-economic condition3. 

One largely neglected element that could affect 
prognosis of SARS-CoV-2 infection is the vita-
min status of population.

The purpose of this review is to evaluate 
whether a vitamin insufficiency could provoke 
an increased risk of SARS-CoV-2 infection or the 
appearance of major complications and whether a 
vitamin supplementation could represent a useful 
therapeutic complement in infected patients.

In particular, we evaluated the presence of 
studies related to the state and effects of vitamin 

European Review for Medical and Pharmacological Sciences 2020; 24: 9721-9738

A. ALLEGRA1,2, A. TONACCI3, G. PIOGGIA4, C. MUSOLINO1, S. GANGEMI5

1Division of Hematology, Department of Human Pathology in Adulthood and Childhood 
“Gaetano Barresi”, University of Messina, Messina, Italy
2COVID Centre AOU Policlinico G. Martino, Messina, Italy 
3Clinical Physiology Institute, National Research Council of Italy (IFC-CNR), Pisa, Italy
4Institute for Biomedical Research and Innovation (IRIB), National Research Council of Italy (CNR),
 Messina, Italy
5School and Operative Unit of Allergy and Clinical Immunology, Department of Clinical and
 Experimental Medicine, University of Messina, Messina, Italy

Corresponding Author: Alessandro Allegra, MD; e-mail: aallegra@unime.it

Vitamin deficiency as risk factor for 
SARS-CoV-2 infection: correlation with 
susceptibility and prognosis



A. Allegra, A. Tonacci, G. Pioggia, C. Musolino, S. Gangemi

9722

D, C, B, and A in subjects with SARS-CoV-2 dis-
ease. Finally, we also attempted to examine some 
of the ongoing clinical trials assessing the effects 
of vitamin supplementation, either alone or in 
association with other treatments in the therapy 
of the infection and its complications.

Vitamin D and COVID-19
Vitamin D is a fat-soluble vitamin, introduced 

into the organism in two manners: via sunlight 
and via food or supplementation. In the skin, vi-
tamin D precursor 7-dehydrocholesterol is made 
active via ultraviolet B (UVB) rays converting it 
into vitamin D3. Vitamins D2 and D3 can be at-
tained directly from food, such as milks, cereals, 
fatty fish or through supplementation. Vitamin 
D2 and D3 are then transformed in the liver into 
25-hydroxyvitamin D [25(OH)D3], which is pres-
ent in the serum attached to vitamin D binding 
proteins (DBPs). 25(OH)D3 in the serum is the 
more appropriate indicator for evaluating vitamin 
D deficiency. This type of vitamin D is converted 
in an activated form in kidneys by 25-hydroxyvi-
tamin D-1-alpha-hydroxylase (1-OHase, induced 
by PTH), and transformed in 1,25-dihydroxyvi-
tamin D [1,25(OH)2D, Calcitriol]4,5.

Several direct and indirect evidence seem to 
confirm the existence of a close correlation be-
tween vitamin D and SARS-CoV-2. For instance, 
different recent preprint-posted reports6 stated a 
relationship between low vitamin D and SARS-
CoV-2 infection occurrence. 

A retrospective observational research was ex-
ecuted on SARS-CoV-2-infected subjects hos-
pitalized from March 1, 2020 to April 7, 2020 
to evaluate the degree of vitamin D deficiency 
in Belgium and its correspondence to severi-
ty of SARS-CoV-2 infection. Authors evaluated 
25(OH)D concentrations in 186 COVID-19 sub-
jects and 2717 age/season-matched health con-
trols. SARS-CoV-2 infected subjects presented 
lower median 25(OH)D and greater vitamin D 
deficiency rates. Unexpectedly, this variance was 
limited to male SARS-CoV-2 subjects who pre-
sented a greater deficiency rates than male con-
trols. Then, Vitamin D deficiency could be a risk 
factor for COVID-196.

Furthermore, reduced Vitamin D levels seem 
to be also correlated with a more severe outcome. 
In a report, twenty SARS-CV-2 infected patients 
with known concentrations of serum 25OHD 
levels were studied; 13 subjects (65.0%) needed 
Intensive Care Unit (ICU) admission. Among 
ICU patients, 11 (84.6%) presented vitamin D in-

sufficiency vs. 4 (57.1%) of the other patients. Sur-
prisingly, 100% of ICU subjects aged less than 
75 years old presented vitamin D insufficiency. 
Among these, 64.6% had critically low 25OHD 
concentrations 7.

Nevertheless, a different report performed at 
the University of Glasgow examined the vitamin 
D status of SARS-CoV-2 patients employing UK 
biobank data and found no correlation between 
the status of the vitamin D and SARS-CoV-2 in-
fection proneness, after correcting for confound-
ing elements8. Coherent with this, a prospective 
cohort study found no positive relationship be-
tween low serum vitamin D levels and SARS-
CoV-2 infection9. In any case, several other in-
vestigations that have evaluated the correlation 
between vitamin D deficiency and SARS-CoV-2 
infection are underpowered and have not yet been 
peer-reviewed.

Furthermore, some authors reported that find-
ings retrieved to date revealed that there is not 
sufficient direct confirmation for a causal cor-
relation between vitamin D status and infection, 
yet10, although the same authors point out the rel-
evance of a normal vitamin D status and suggest 
supplementation to subjects who are quarantin-
ing11. Finally, a meta-analysis12 of 15 randomized 
controlled studies examining the usefulness of 
vitamin D supplementation in diminishing the 
risk of developing respiratory infections among 
healthy subjects found no relevant risk decrease.

Nevertheless, numerous indirect elements 
make it possible to hypothesize a correlation 
between vitamin D deficiency and SARS-CoV-2 
infection.

Ilie et al13 suggested that there is a possible 
correlation between mean levels of vitamin D 
in different nations with occurrence, morbidity 
and mortality provoked by COVID-19. Nega-
tive correlations between mean concentrations 
of vitamin D in each country and the incidence 
of SARS-CoV-2 infections, as well as related 
mortality, were detected. Vitamin D levels were 
particularly reduced in the aging population in It-
aly, Spain, and Switzerland. This is also the most 
susceptible population in relation to SARS-CoV-2 
infection13.

The allotment of community pandemics ex-
hibits seasonal patterns along specific tempera-
ture, latitude, and humidity similarly to the be-
havior of seasonal viral respiratory tract infec-
tions. SARS-CoV-2 infection shows important 
diffusion in Northern midlatitude countries with 
a median temperature of 5-11°C and low humid-
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ity. A quadratic correlation was demonstrated 
between the occurrence of vitamin D deficiency 
in most frequently affected countries and their 
latitudes14.

Moreover, a hypothesis that has been formulat-
ed to justify why ethnic populations with darker 
skin are more vulnerable to SARS-CoV-2 infec-
tion is because these subjects are more prone to 
have low serum levels of 25-hydroxyvitamin D, 
especially those residing at higher latitudes15. In 
Chicago, more than half of SARS-CoV-2 cases 
and about 70% of SARS-CoV-2 deaths were re-
ported in African-American subjects16 who are at 
higher risk for vitamin D insufficiency17.

Another aspect that can be taken into account 
is that Vitamin D has an action in several cel-
lular-mediated reactions to pathogens and could 
decrease the risk of acute respiratory tract in-
fections18,19. This protecting action of vitamin 
D has been also described in several situations 
correlated with pneumonia20-22, and influenza A 
H5N1 virus-caused lung damage23. Furthermore, 
some experimentations propose the efficacy of 
vitamin D as an adjuvant treatment along with 
antiretroviral agents in HIV-infected subjects24. 
The effect of vitamin D in the setting of viral 
diseases is also sustained by findings of specific 
vitamin D receptor gene (VDR) alleles that are 
correlated with increased predisposition to respi-
ratory infections25, as well as with the progress of 
HIV infection26.

Vitamin D has several ways by which it de-
creases the risk of infections and death (Figure 1). 

Vitamin D helps preserving tight junctions, 
gap junctions, and adherents junctions participat-
ing to the preservation of cell physical barrier in-
tegrity27. In fact, it is well-known that viruses al-
ter junction integrity, augmenting the possibility 
of infection by the virus and other pathogens28-30.

However, there are other processes through 
which vitamin D supplementation could decrease 
risk of different respiratory infections, including 
COVID-1931.

Vitamin D increases action of innate immunity 
via an effect on monocytes and macrophages, and 
modifies response of cells such as dendritic and 
T-cells, toward a more anti-inflammatory pat-
tern32. In experimental models, it reduces the im-
mune responses due to T helper (Th) 1 cells, thus 
decreasing the generation of pro-inflammatory 
cytokines, such as IL-2, IL-6, and Interferon-γ 
(IFN-γ). It has also been proposed that vitamin D 
act as an immunomodulatory substance not only 
by reducing Th1 cells stimulation, but also modi-

fying Th2 cells. An in vitro study33 indicates that 
1,25(OH)2D3 upregulates Th2 cells activity, mod-
ifies T regulatory (Tregs) cells activity, and Th17 
cells function. Vitamin D is able to reduce Th17 
activity and to increase Treg cells activity. Th17 
cells generate IL-17 and have been involved in 
the pathogenesis of several diseases. Some exper-
imental models propose that 1,25(OH)2D3 reduces 
Th17 growth and function by stopping Nuclear 
Factor of Activated T-cells (NFAT) and Runt-re-
lated Transcription Factor 1 (RUNx1) connecting 
to the IL-17 promoter and stimulating Forkhead 
box P3 (FOXP3), and by blocking RAR-related 
Orphan Receptor Gamma2 (RORγt) which is the 
transcription factor of IL-1733.

Moreover, Vitamin D improves cellular innate 

Figure 1. Mechanisms of action of Vitamin D in decreasing 
risks of infection and death: (a) stimulating monocytes and 
macrophages, and modifies response of cells such as dendritic 
and T-cells, toward a more anti-inflammatory pattern; (b) 
stimulating the delivery of antimicrobial peptides, such as 
human cathelicidin, LL-37 and defensins, in turn displaying 
direct antimicrobial function; (c) preserving tight junctions, 
gap junctions, and adherens junctions participating to the 
preservation of cell physical barrier integrity.
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immunity partially via stimulating the delivery of 
antimicrobial peptides, including human catheli-
cidin, LL-3734,35, and defensins36.

Cathelicidins display direct antimicrobial 
function against a wide spectrum of microbes, 
including Gram-positive and Gram-negative bac-
teria, fungi, enveloped and nonenveloped virus-
es37. Those host-originated peptides destroy the 
infecting pathogens by altering their cell mem-
branes and can reduce the damaging and biologi-
cal effects of endotoxins38.

A vitamin D deficiency could intervene at dif-
ferent times of the SARS-CoV-2 infection, wors-
ening the prognosis of patients through different 
mechanisms.

Vitamin D may disturb the activities of 70% 
of the SARS-CoV-2 proteins by modifying ex-
pression of 25% of human genes encoding pro-
tein targets of SARS-CoV-2. Genes required for 
SARS-CoV-2 entry into human cells, ACE2 and 
FURIN, were employed as baits to build genom-
ic-guided molecular maps of upstream regulatory 
elements, their expression and functions in the 
human body. Repressors and activators of the 
ACE2 and FURIN genes were identified based on 
the analyses of gene silencing and overexpression 
experiments as well as relevant transgenic mouse 
models. Employing this approach, vitamin D has 
been recognized as putative SARS-CoV-2 miti-
gation agent39.

Moreover, vitamin D deficiency may com-
bine “inflame-aging” to cytokine storm in el-
derly subjects with SARS-CoV-2. Vitamin D 
can reduce the expression of pro-inflammatory 
genes [such as monocyte chemotactic protein1 
(MCP-1), and IL-12β)] in immune cells via de-
creasing disproportionate reactive oxygen species 
(ROS) delivery, increasing intracellular gluta-
thione concentrations, reducing NF-κB and p38 
MAP kinase expression. Overabundance of ROS 
production can enhance NF-kB expression in 
immune cells, causing an increased production of 
pro-inflammatory factors, including iNOS, and 
COX-2. Stimulation of p38 MAP kinase pathway 
can also increase IL-6 and MCP-1 generation in 
immune cells by activating the signal transducer 
and activator of transcription1/5 (STAT1/5)40,41.

Furthermore, vitamin D pretreatment was ad-
vantageous in mouse models of acute respiratory 
syndrome (ARDS), decreasing lung permeabil-
ity by change of renin-angiotensin system ac-
tion and ACE2 expression42. In patients with 
kidney disease and in animals with diabetes 
mellitus, increased ACE2 expression was estab-

lished. Vitamin D supplementation was demon-
strated to reduce ACE2 expression in the kidney. 
1,25-(OH)2D3 displayed reno-protective action 
by reducing ACE1 and ACE1/ACE2 ratio in strep-
tozotocin-provoked diabetic nephropatic rats. In 
this way, Vitamin D supplementation could pre-
vent SARS-CoV-2 entrance into the cell in infect-
ed patients43,44.

The vitamin D binding protein (DBP), the 
principal transportation protein of vitamin D, 
may also have an undervalued role in the onset of 
ARDS due to SARS-CoV-2 infection.

DBP is a multifunctional plasma protein with a 
molecular weight of 52-59 kDa. Besides high-af-
finity vitamin D binding, DBP can bind actin, 
CD44, and annexin A2. This α2-globulin has a 
central role during inflammation, as it can con-
siderably increase the action of neutrophil che-
moattractants45.

During ARDS, a situation characterized by 
a massive tissue injury and cell death, actin is 
discharged into extracellular fluids, provoking 
lung inflammation. An increased blood neutro-
phil adhesion and migration, together with an 
increased generation of inflammatory elements 
by pulmonary monocytes are involved in this 
condition46. Furthermore, in the extracellular 
compartment, monomeric globular actin (G-ac-
tin) polymerizes the polymerized filamentous 
actin (F-actin), together with coagulation factor 
Va, which may provoke vascular obstruction and 
multiple organ failure. To respond to the proco-
agulant action of F-actin, the two elements of 
the intravascular actin scavenging system, gel-
solin, and DBP, slice actin and block repolymer-
ization of G-actin47. DBP bound to G-actin, and 
not free DBP, operates as an indirect, but fun-
damental chemotactic cofactor for complement 
activation peptide C5a and for several leukocyte 
chemoattractants48. Employing an animal mod-
el, the complement system has been recognized 
as a central mediator of COVID-19 disease. As 
25(OH) vitamin D3 and 1,25(OH)2 vitamin D3 
block the chemotaxis by contending for the same 
binding site on DBP, reduced vitamin D levels 
could be correlated with a worsened outcome of 
SARS-CoV-2 infection49.

Furthermore, vitamin D deficiency is related to 
increased thrombotic complications50, which are 
commonly detected in SARS-CoV-2 infection51.

Current studies52,53 aim to assess the correlation 
between vitamin D concentrations and prognosis 
in subjects with SARS-CoV-2 infection as well as 
usefulness of vitamin D supplementation as part 
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of the therapy. As of June 27, there are currently 
28 clinical trials listed in the clinical trial registry 
of the National Institutes of Health (NIH) (clin-
icaltrials.gov) designed at investigating vitamin 
D supplementation in combination with other 
drugs and comparing high doses versus standard 
doses52,53 (Table I).

Among these protocols, two current preven-
tion trials assess the consequence of vitamin D 
supplementation, alone (1600 IU on day 1 and 
800 IU on days 2-5) or in combination with 
Zinc and Plaquenil, on SARS-CoV-2 infection 
risk in health care providers, or institutionalized 
subjects53. A third study assesses vitamin D3 
1000 IU/day given for 2 months, to placebo, on 
infection and complication percentages. Three 
controlled trials53 evaluate the action of vitamin 
D supplementation in SARS-CoV-2 positive sub-
jects on death rates, as a primary outcome, with 
complication rates, time to recovery and inflam-
matory markers as secondary outcomes. The 
vitamin D arms consist of vitamin D (25,000 IU, 
single oral dose), the active vitamin D (Calcifedi-
ol 266 μg, 2 capsules day 1 and 1 capsule on days 
3, 7, 14, 21, 28), or 2 vitamin D doses (400,000 
IU or 50,000 IU in a single oral dose) compared 
to each other. A different research compares a 
vitamin D analogue (Ergocalciferol 1.25 μg daily) 
to vitamin D3 1000 IU daily, for 3weeks, while a 
protocol explores the effectiveness of vitamin D 
50,000 IU weekly for 2 weeks, with or without 
aspirin, in decreasing the risk of hospitalization 
for SARS-CoV-2 infected subjects54.

Although we have no conclusive data in place, 
it has been argued that vitamin D supplementa-
tion could be an easy and cheap way to reduce 
respiratory damage in fragile population55.

Nevertheless, in spite of a multiplicity of inter-
ventional research, few have sustained vitamin 
D treatment for modifying clinical outcomes 
for subjects with inflammatory pathologies56. 
Changeable study methodology, including dosage 
and way of vitamin D administration, or target 
concentrations, may have participated to the neg-
ative results57.

Then, the efficacy of high-dose supplementa-
tion of vitamin D3 in decreasing risk of SARS-
CoV-2 infection is a mere extrapolation of present-
ly existing evidence, which is often contradictory, 
about the efficacy of vitamin D3 in decreasing 
risk of other respiratory tract infections58. With-
out studies specific to SARS-CoV-2 infection, 
assuming whether vitamin D improves prognosis 
is debatable. 

For the objective of the overall general health 
and in a population with high occurrence of 
vitamin D deficiency, subjects should keep on 
following suggestions for daily vitamin D as-
sumption consistent with 600 or 800 IU to 4000 
IU. Patients should avoid disproportionate dosag-
es of vitamin D in the perspective of preventing 
SARS-CoV-2 infection59.

In conclusion, it might be premature to propose 
extensive vitamin D supplementation with the 
target to treat SARS-CoV-2 infection. It would be 
logical, however, to evaluate vitamin D supple-
mentation to safeguard musculoskeletal health in 
patients at risk of deficiency due to being house-
bound, as suggested by the UK National Health 
Service. Physical movements and sunlight expo-
sure may be better for global health throughout 
this global crisis 60.

Vitamin C and COVID-19
Vitamin C (ascorbic acid) has several charac-

teristics making it interesting to prevent and cure 
viral infections. The antiviral action of ascor-
bic acid has been known for at least 80 years, 
when its activity on poliomyelitis was described. 
Moreover, the use of ascorbic acid as a drug 
against several infectious diseases was also well 
reported, including rabies virus, Venezuelan 
equine encephalitis, human lymphotropic virus 
type 1 (HTLV-1), human immunodeficiency virus 
(HIV), influenza and herpes virus61-69.

Pauling70 stated that vitamin C in high doses 
is virucidal. This was justified via the generation 
of hydrogen peroxide and other radical initiators. 
Furthermore, the low pH value of the system was 
responsible for the in vitro antiviral actions of 
vitamin C71,72. 

Uesato et al73 observed that vitamin C can 
reduce the viral load of the Ebstein-Barr virus, 
and the viral load was also decreased after treat-
ment of human foreskin fibroblast and endothe-
lial cells with vitamin C before cytomegalovirus 
infection74. These findings indicate that several 
mechanisms are involved in vitamin C antiviral 
activity. The immunomodulatory actions of Vi-
tamin C are responsible for these actions. Ascor-
bic acid is present in leucocytes, lymphocytes, 
and macrophages75,76. Chemotaxis is increased 
by Vitamin C77-79, and neutrophil phagocytic 
activity is also increased, while lymphocyte 
growth is augmented, too77-79.

Meta-analyses of clinical trials propose a re-
duction in common cold extent by 8% with vita-
min C intake80. However, in spite of these hypo-
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Table I. Clinical studies related to COVID-19 and Vitamin D.

 Study title Interventions Status

Vitamin D and COVID-19 Management Dietary Supplement: Ddrops® Not yet recruiting
 products, 50,000 IU, Oral
 Dietary Supplement: Vitamin D3

Vitamin D on Prevention and Treatment of COVID-19 Dietary Supplement: Vitamin D Not yet recruiting

VITACOV: Vitamin D Polymorphisms and Severity of  Other: Exposure Not yet recruiting
COVID-19 Infection  

Vitamin D Testing and Treatment for COVID 19 Dietary Supplement: Vitamin D3 Recruiting

Investigating the Role of Vitamin D in the Morbidity of   Not yet recruiting
COVID-19 Patients  

Randomized Proof-of-Concept Trial to Evaluate the Safety and Drug: Resveratrol Not yet recruiting
Explore the Effectiveness of Resveratrol for COVID-19 Dietary Supplement: Vitamin D3 

International ALLIANCE Study of Therapies to Prevent  Dietary Supplement: Vitamin C Not yet recruiting
Progression of COVID-19 Drug: Hydroxychloroquine 
 Drug: Azithromycin 

Impact of Zinc and Vitamin D3 Supplementation on the  Dietary Supplement: Zinc gluconate Not yet recruiting
Survival of Aged Patients Infected With COVID-19 Dietary Supplement: 25-OH  
 cholecalciferol 

Increased Risk of Severe Coronavirus Disease 2019 in  Recruiting
Patients With Vitamin D Deficiency

Do Vitamin D Levels Really Correlated With Disease  Dietary Supplement: vitamin D Enrolling by
Severity in COVID-19 Patients?  invitation

The LEAD COVID-19 Trial: Low-risk, Early Aspirin and  Drug: Aspirin 81 mg Not yet recruiting
Vitamin D to Reduce COVID-19 Hospitalizations Dietary Supplement: Vitamin D 

Cholecalciferol to Improve the Outcomes of COVID-19 Drug: Vitamin D Not yet recruiting
Patients Drug: Placebo 

A Study of Hydroxychloroquine, Vitamin C, Vitamin D, Dietary Supplement: Vitamin C Not yret recruiting
and Zinc for the Prevention of COVID-19 Infection Dietary Supplement: Vitamin D 
 Dietary Supplement: Zinc 

COvid-19 and Vitamin D Supplementation: a Multicenter  Drug: cholecalciferol 200,000 IU Recruiting
Randomized Controlled Trial of High Dose Versus Standard Drug: cholecalciferol 50,000 IU 
Dose Vitamin D3 in High-risk COVID-19 Patients (CoVitTrial)  

Evaluation of the Relationship Between Zinc Vitamin D and Serum zinc, vitamin D vitamin B12 Completed
b12 Levels in the Covid-19 Positive Pregnant Women levels 

Covid-19 and Vitamin D in Nursing-home  Completed

Hydroxychloroquine as Post-Exposure Prophylaxis Against  Drug: Hydroxychloroquine Active, not
COVID-19 Infection Dietary Supplement: Vitamin D recruiting

A Study of Quintuple Therapy to Treat COVID-19 Infection Drug: Hydroxychloroquine Not yet recruiting
 Drug: Azithromycin 
 Dietary Supplement: Vitamin C 
 Dietary Supplement: Vitamin D 
 Dietary Supplement: Zinc

Oral 25-hydroxyvitamin D3 and COVID-19 Drug: Oral 25-Hydroxyvitamin D3 Recruiting

The Effects of Standard Protocol With or Without Colchicine Drug: Colchicine Tablets Recruiting
in Covid-19 Infection

Prevention and Treatment With Calcifediol of COVID-19  Drug: Best available therapy (BAT) Not yet recruiting
Induced Acute Respiratory Syndrome + Calcifediol 
 Drug: BAT 

Table Continued
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thetical advantages, while the common cold can 
be provoked by a human coronavirus, COVID-19 
is determined by a new coronavirus with a dif-
ferent genome sequence. It cannot be supposed, 
therefore, that effects of vitamin C on the com-
mon cold can be converted to the treatment of 
SARS-CoV-2 infection.

Nevertheless, beyond its anti-infective effect, 
vitamin C could exert positive effects on several 
features of the SARS-CoV-2 disease. For instance, 
late trials have evaluated vitamin C as part of a 
treatment for ARDS and septic shock81-82.

In a randomized trial, subjects with sep-
sis-provoked acute respiratory distress syn-
drome were randomized to be treated with in-
travenous infusion of high-dose vitamin C or 
placebo. Vitamin C did not appreciably correct 
organ failure or modify markers of inflamma-
tion and vascular damage. However, the study 
did ascertain a substantially minor risk of death 
when the subjects were given high-doses vita-
min C as compared to placebo. Fowler et al83 
have recognized vitamin C supplementation to 
reduce the risk of pneumonia.

A meta-analysis of 12 studies with 1,766 pa-
tients in ICU found that vitamin C reduced ICU 
stay by 8%84. A different research85 of 8 studies 
demonstrated that vitamin C reduced the period 
of mechanical ventilation in subjects who need-
ed for prolonged ventilation. Moreover, there is 
proof that vitamin C concentrations drop mark-
edly in seriously ill subjects86.

Nevertheless, it was reported that vitamin C 
supports the preservation of the alveolar epithe-

lial barrier and transcriptionally increases the 
protein channels (aquaporin-5, ENaC, CFTR, and 
Na+/K+ ATPase) controlling the alveolar fluid 
clearance87. Vitamin C has also been involved in 
decreasing plasma cell-free DNA generated from 
the neutrophil extracellular trap (NET), which 
is the initiator of systemic inflammation in sep-
sis-caused multi-organ failure88,89.

Remarkably, increased concentrations of 
syndecan-1 in the plasma are correlated with 
augmented death rate in severe infection and 
ARDS, and this endothelial glycocalyx can be 
decreased drastically by high dosage of vitamin 
C89. Moreover, vitamin C is able to reduce the 
cytokines storm via other, unknown systems 
(Figure 2)83.

Researchers from China have reported to 
have effectively cured more than 50 subjects 
with moderate or severe SARS-CoV-2 infection 
with high dosage of IV vitamin C (10,000-
20,000 mg/d), administered over a period of 
8-10 h. Supplementary vitamin C bolus might 
be needed among subjects in critical conditions, 
causing a shorter mean hospital period of stay 
with respect to untreated subjects with SARS-
CoV-2 infection. The oxygenation index was 
enhanced in real time and all the subjects treated 
were discharged90,91.

Specifics of this evidence are unobtainable as 
these data have not been published in either pre-
print or peer-reviewed journals. It is also relevant 
to observe that the high dosages employed in this 
study are not attainable when using orally avail-
able versions of vitamin C.

Table I (Continued). Clinical studies related to COVID-19 and Vitamin D.

 Study title Interventions Status

Use of UC-MSCs for COVID-19 Patients Biological: Umbilical Cord  Recruiting
 Mesenchymal Stem Cells + Heparin 
 along with best supportive care.
 Other: Vehicle + Heparin along
 with best supportive care 

REassessement After Hospitalization for Sars-COV-2 Assessment of the sequelae after Not yet recruiting
disordER hospitalization for Sars-COV-2 

Lessening Organ Dysfunction With VITamin C- COVID-19 Drug: Vitamin C Not yet recruiting
 Other: Control

Proflaxis Using Hydroxychloroquine Plus Vitamins-Zinc Drug: Plaquenil 200 mg tablet Recruiting
During COVID-19 Pandemia 

Pharmacologic Ascorbic Acid as an Activator of Lymphocyte Drug: Ascorbic Acid Not yet recruiting
Signaling for COVID-19 Treatment 



A. Allegra, A. Tonacci, G. Pioggia, C. Musolino, S. Gangemi

9728

Moreover, the gastrointestinal adverse events 
(vomiting, abdominal cramps, nausea) could be 
dose limiting, and high doses of vitamin C may 
be correlated with development of kidney stones, 
especially in patients with high oxalate concen-
trations92.

As of June 26, there are 25 clinical trials 
programmed in the clinical trial registry of the 
National Institutes of Health (NIH) (clinicaltrials.
gov) targeted at experimenting vitamin C sup-
plementation in SARS-CoV-2 infected patients 
(Table II). 

Some of these protocols are controlled tri-
als on vitamin C examining monotherapy 
(NCT04264533, NCT04344184, NCT03680274, 
NCT04357782) for acute SARS-CoV-2 treatment. 
Other trials use vitamin C in combination with 
hydroxychloroquine to treat (NCT04328961) or 
prevent (NCT04326725, NCT04335084) SARS-
CoV-2 infection and with other supplements for 
prevention (NCT04342728). The dosages of vi-
tamin C in these trials largely differs, oscillating 
from 250 to 500 mg orally daily to 24 g IV dai-
ly93-95.

A different randomized controlled trial was 
started at the Zhongnan Hospital (NCT04264533) 
aiming at analyzing the clinical effectiveness and 

safety of vitamin C in pneumonia from SARS-
CoV-2 infection. They hypothesize that vitamin 
C i.v. administration could improve the outcome 
of grave acute respiratory tract infections. The 
treatment arm foresees a 12 g vitamin C infusion 
(q12h) for seven days and the primary outcome 
measures the ventilation-free days. The estimated 
completion time is September 202096.

Thus, there is a need to promptly examine the 
uses of i.v. vitamin C, pre-infection and post-in-
fection, and all over the different stages of the 
infection. 

Vitamin B and COVID-19
The B vitamin complex itself consist of 8 vita-

mins (B1, B2, B3, B5, B6, B7, B9 and B12), which 
show no chemical correspondences to one anoth-
er but were mainly grouped due to their similar 
capacity to operate as coenzymes.

Thiamine is an organo-sulfur compound in-
cluding pyrimidine and thiazolium heterocycles 
linked by a methylene bridge. Six vitamer forms 
of thiamine are presently known, differing in 
their phosphorylation and adenosylation condi-
tion.

Vitamin B12, also identified as cobalamin, is 
a water-soluble vitamin with a central role for 

Figure 2. Mechanisms of action of Vitamin C useful for COVID-19: (a) reducing the risk of pneumonia; (b) reducing ICU 
stay and the period of mechanical ventilation in subjects who needed for prolonged ventilation; (c) supporting the preservation 
of the alveolar epithelial barrier and increasing the protein channels controlling the alveolar fluid clearance; (d) reducing the 
cytokine storm.
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Table II. Clinical studies related to COVID-19 and Vitamin C.

 Study title Interventions Status

Pharmacologic Ascorbic Acid as an Activator of Lymphocyte Drug: Ascorbic Acid Not yet recruiting
Signaling for COVID-19 Treatment  

Preventing COVID-19 in Healthcare Workers With HCQ: Drug: Hydroxychloroquine Not yet recruiting
A RCT Other: Vitamin C

Use of Ascorbic Acid in Patients With COVID 19 Dietary Supplement: Vitamin C Recruiting

International ALLIANCE Study of Therapies to Prevent  Dietary Supplement: Vitamin C Not yet recruiting
Progression of COVID-19 Drug: Hydroxychloroquine 
 Drug: Azithromycin 
 Dietary Supplement: Zinc Citrate 
 Dietary Supplement: Vitamin D3
 Dietary Supplement: Vitamin B12 

Lessening Organ Dysfunction With VITamin C -  Drug: Vitamin C Not yet recruiting
COVID-19 Drug: Control 

A Study of Hydroxychloroquine, Vitamin C, Vitamin D, Drug: Hydroxychloroquine Not yet recruiting
and Zinc for the Prevention of COVID-19 Infection Dietary Supplement: Vitamin C 
 Dietary supplement: Vitamin D 
 Dietary Supplement: Zinc 

Clinical Application of Methylene Blue for Treatment of  Drug: MCN (Methylene blue, Recruiting
Covid-19 Patients vitamin C, N-acetyl cysteine) 

Hydroxychloroquine in Patients With Newly Diagnosed Drug: Hydroxychloroquine Suspended
COVID-19 Compared to Standard of Care Dietary Supplement: Vitamin C 

Hydroxychloroquine for COVID-19 Post-exposure  Drug: Hydroxychloroquine Sulfate Recruiting
Prophylaxis (PEP) Drug: Ascorbic Acid

Vitamin C Infusion for the Treatment of Severe 2019- Drug: VC Recruiting
nCoV Infected Pneumonia Drug: Sterile Water for Injection 

A Preventive Treatment for Migrant Workers at  Drug: Hydroxychloroquine Recruiting
High-risk of Covid-19 Sulfate Tablets 
 Drug: Ivermectin 3Mg Tab 
 Drug: Zinc 
 Drug: Povidone-IodineDietary
 Supplement: Vitamin  
  
Coronavirus 2019 (COVID-19)- Using Ascorbic Acid and  Dietary Supplement: Ascorbic Acid Enrolling by
Zinc Supplementation Dietary Supplement: Zinc Gluconate invitation
 Dietary Supplement: Ascorbic Acid  
 and Zinc Gluconate 
 Other: Standard of Care 

Treatment for COVID-19 in High-Risk Adult Outpatients Drug: Ascorbic Acid Recruiting
 Drug: Hydroxychloroquine Sulfate 
 Drug: Azithromycin 
 Drug: Folic Acid 

A Study of Quintuple Therapy to Treat COVID-19 Infection Drug: Hydroxychloroquine Not yet recruiting
 Drug: Azithromycin 
 Dietary Supplement: Vitamin C 
 Dietary Supplement: Vitamin D 
 Dietary Supplement: Zinc 

Proflaxis Using Hydroxychloroquine Plus Vitamins-Zinc Drug: Plaquenil 200Mg Tablet Recruiting
During COVID-19 Pandemia  

Phase II, Controlled Clinical Study Designed to Evaluate  Drug: ArtemiC Recruiting
the Effect of ArtemiC in Patients Diagnosed With COVID-19 Drug: Placebo  

Mesenchymal Stem Cell Infusion for COVID-19 Infection Drug: Mesenchymal stem cells Recruiting
 Other: Placebo

Table Continued
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maintaining the state of health, being implicated 
as a coenzyme in several chemical reactions of 
paramount importance for human biochemistry. 
Vitamin B12 is one of the most complex coen-
zymes present in nature. The molecule is com-
posed by a corrin ring and a dimethylbenizmid-
azole moiety. The font of vitamin B12 is mainly 
animal-derived food. Then, its administration is 
suggested for subjects on a vegetarian/vegan diet.

Given the action of cobalamin human met-
abolic pathways, it is frequent to find low vi-
tamin B12 concentrations correlated to sever-
al different physio-pathological situations, in-
cluding pregnancy, older age, bariatric surgery, 
gastrointestinal diseases, drug treatments, and 
uremia-related malnutrition. It controls hema-
topoietic processes and the performance of the 

nervous system, including myelin synthesis. 
Moreover, it contributes to the synthesis of nu-
cleic acids. Deficiency of cobalamin provokes 
megaloblastic anemia, alterations in peripheral 
nerves, pursued by degenerative alterations of 
the spinal posterior cords and cortical spinal 
ducts.

The interest in a possible use for B complex 
vitamins in SARS-CoV-2 patients is essentially 
based on indirect data. Vitamins B are recog-
nized to stimulate the immune system97. Es-
pecially, vitamin B2, together with ultraviolet 
light, has been demonstrated in in vitro studies 
to decrease the titers of MERS coronavirus un-
der the limit of detection after inoculation of the 
virus into human plasma97. Likewise, vitamin B3 
is also noticed in previous in vivo experiments 

Table II (Continued). Clinical studies related to COVID-19 and Vitamin C.

 Study title Interventions Status

Evaluation of Additional Treatments for COVID-19: a Drug: Lopinavir-Ritonavir Not yet recruiting
Randomized Trial in Niger Drug Combination 
 Combination Product: Standard Care 

Anti-inflammatory/Antioxidant Oral Nutrition  Dietary Supplement: oral Not yet recruiting
Supplementation in COVID-19 nutrition supplement (ONS) 
 enriched in eicosapentaenoic 
 acid, gamma-linolenic acid and 
 antioxidants 
 Dietary Supplement: isocaloric/ 
 isonutrigenous ONS 

The Effects of Standard Protocol With or Without Colchicine Drug: Colchicine Tablets Recruiting
in Covid-19 Infection  

Lessening Organ Dysfunction With Vitamin C Drug: Vitamin C Recruiting
 Other: Control   

Isotretinoin in Treatment of COVID-19 Drug: Isotretinoin Only Product Not yet recruiting
 in Oral Dose Form 

Host-pathogen Interactions During SARS-CoV-2 Infection Biological: Blood sample Recruiting
 Biological: Low or upper respiratory 
 tract sample Biological:  
 Stool collection or fecal swab 
 Genetic: Blood sample for whole  
 genome sequencing 
 Other: phone call 

Assessment the Activity Value of 13- Cis-Retinoic Acid  Drug: Drug Isotretinoin (13 cis Not yet recruiting
(Isotretinoin) in the Treatment of COVID-19 (Randomized) retinoic acid ) capsules + standard 
 treatment 
 Drug: Isotretinoin (Aerosolized 13 
 cis retinoic acid) +standard  
 treatment 
 Drug: Standard treatment 

In-vitro Diagnostic Test to Predict COVID-19 Mortality and Diagnostic Test: CAG length <24 Recruiting
Disease Severity Diagnostic Test: CAG length >=24 
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on mice undergoing mechanical ventilation to be 
able to drastically block neutrophil infiltration 
into the lungs throughout ventilator-provoked 
lung damage (Figure 3)97.

Moreover, virtual screening and other com-
putational techniques are widely used methods 
to understand the phylogenetics, molecular as-
pects of proteins and protein-ligand interac-
tions during drug discovery process. Virtual 
screening has been employed in drug discov-
ery against emerging diseases, including SARS 
CoV proteases, dengue virus and Ebola virus. In 
a research, the first resolved COVID-19 crystal 
structure was targeted in a virtual screening 
study by FDA approved drugs dataset. After a 
virtual screening capmain against SARS-CoV-2 
Mpro, a set of antivirals, vitamins, antimicro-
bials, and other systemically acting drugs were 
more potent binding with COVID-19 Mpro, 
compared with curcumin (known Mpro inhibi-

tor). In this work, the use and the repurposing of 
vitamin B12 is proposed98.

As of June 27, there are 5 clinical trials regis-
tered in the clinical trial registry of the Nation-
al Institutes of Health (NIH) (clinicaltrials.gov) 
aimed at evaluating vitamin B supplementation 
in SARS-CoV-2 subjects (Table III). 

These studies aimed at testing vitamin B sup-
plementation in combination with other drugs, 
such as Hydroxychloroquine, azithromycin or 
Vitamin D3.

Vitamin A and COVID-19
In the case of Vitamin A, the role of its possible 

supplementation in patients with SARS-CoV-2 is 
also based on purely theoretical assumptions.

Retinoids are a group of molecules that hold 
qualitative actions relative to all-trans retinol 
(vitamin A), that includes retinyl-esters, all-trans 
retinal and all-trans-retinoic acid (RA). RA is 

Figure 3. Mechanisms of action of Vitamins of the B complex potentially useful for COVID-19: (a) immune system 
stimulation; (b) neutrophil infiltration into the lungs blockade.

Table III. Clinical studies related to COVID-19 and Vitamin B.

 Study title Interventions Status

International ALLIANCE Study of Therapies to Prevent  Dietary Supplement: Vitamin C Not yet recruiting
Progression of COVID-19 Drug: Hydroxychloroquine 
 Drug: AzithromycinDietary  
 Supplement: Zinc Citrate 
 Dietary Supplement: Vitamin D3 
 Dietary Supplement: Vitamin B12 

Evaluation of the Relationship Between Zinc Vitamin D  Other: Serum zinc, vitamin d Completed
and B12 Levels in the Covid-19 Positive Pregnant Women vitamin b12 levels

Effects of Nicotinamide Riboside on the Clinical Outcome Dietary Supplement: Recruiting
of Covid-19 in the Elderly Nicotinamide riboside 
 Dietary Supplement: Placebo 

Vitamin D Testing and Treatment for COVID 19 Dietary Supplement: Vitamin D3 Recruiting

Treatment for COVID-19 in High-Risk Adult Outpatients Drug: Ascorbic Acid Recruiting
 Drug: Hydroxychloroquine Sulfate 
 Drug: Azithromycin
 Drug: Folic Acid 
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the biologically active retinoid metabolite that, 
operating via its cognate receptors RA receptors 
(RAR α, β and γ), controls the expression of 
genes implicated in several biological pathways, 
including both adaptive and innate immune re-
sponses98,99.

Retinoic acids have a relevant action in the 
control of the differentiation, growth, and func-
tion of neutrophils100,101, stimulate a fast response 
to pathogen infection by phagocytosis and stim-
ulation of natural killer (NK) T-cells102,103. Reti-
noic acid can also influence the differentiation of 
dendritic cell precursors, specialized cells of the 
immune system, able to coordinate innate and 
adaptive immune responses. It is consequently 
not surprising that low vitamin A concentra-
tions have been demonstrated to be linked with 
an altered activity of neutrophils, macrophages, 
T-and B-cells (Figure 4). For this reason, vitamin 
A deficiency has usually been correlated with 
increased risk of infection107,108, and a central 
role has been reported in the occurrence of in-
fluenza. Moreover, subjects with low vitamin A 
levels present histopathological modifications to 
the pulmonary epithelium and lung parenchyma, 

causing an increased risk of lung failure and 
respiratory disease109. This is remarkably signif-
icant taking into consideration the effects that 
SARS-CoV-2 has on lung function110.

Soye et al111 reported that RA blocks the mea-
sle virus (MeV) growth in U9370 and Huh-7 
infected cells. This happens via IFN-I mediated 
pathways guided by RA:RARα promoter acti-
vation of the RIG-I gene and its downstream ef-
fectors. Analogously, Chen et al112 stated that the 
anti-viral actions of RA against enterovirus 71 
was due to an IFN-α and RIG-I effect. Retinoids 
also have direct inhibitory action on proliferation 
of several types of viruses, including influenza, 
hepatitis B virus, norovirus, cytomegalovirus, 
and MeV113-116. There are also suggestions that 
stimulation of retinoid signaling can powerfully 
block coronaviruses117. Through a library screen, 
Yuan et al117 determined that Am580, a specific 
agonist for RARα, is an effective inhibitor of 
SARS-CoV and MERS-CoV viruses via alter-
ation of SREBP-mediated lipogenic pathways.

As coronaviruses SARS-CoV and MERS-
CoV can block IFN-I provoked antiviral effects 
and probably hamper treatments118, the findings 
supporting the fact that retinoids can increase 
host IFN-I signaling justify the pre-clinical ex-
perimenting of combinations of IFN-I and reti-
noids in cell and animal models of SARS-CoV-2 
infection.

However, as of June 27, there are 5 clinical 
trials registered in the clinical trial registry of 
the National Institutes of Health (NIH) (clinical-
trials.gov) aimed at evaluating vitamin A supple-
mentation in SARS-CoV-2 subjects (Table IV).

Conclusions

In addition to direct operating drugs, in-
creasing amounts of data demonstrated some 
possible adjuvant treatments with encouraging 
effectiveness against SARS-CoV-2 infection. 
These treatments include estrogen modulating 
drugs, immunomodulators (tocilizumab, thymo-
sin α-1, intravenous immunoglobulin, fingoli-
mod, cyclosporine, and thalidomide), Chinese 
medicines (baicalin, glycyrrhizin, Xuebijing), 
anti-vascular endothelial growth factors, such as 
bevacizumab, and statins119. Moreover, the phar-
macological effects of natural substances have 
acquired growing consideration in the field of al-
ternative and coadjutant therapeutic methods to 
various diseases120,121. These substances are dis-

Figure 4. Mechanisms of action of Vitamin A useful 
for COVID-19: (a) reducing the risk of lung failure and 
respiratory diseases; (b) controlling the differentiation, 
growth, and function of neutrophils, leading to the 
stimulation of a fast response to pathogen infection; (c) 
directly inhibiting the proliferation of several types of 
viruses; (d) influencing the differentiation of dendritic cell 
precursors.
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tinguished by minor side effects in comparison 
with traditional pharmacological treatments122.

In this framework, supplements with vitamin 
A, B, C, D, and E could represent an inexpensive 
and sufficiently safe approach for patients with 
SARS-CoV-2 infection123.

However, while diet, nutritional supplements, 
and similar procedures show great potential for 
preventing and treating SARS-CoV-2 infection, it 
is also correct that solid clinical research data are 
expected to support any such claim.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
This research received no external funding..

Authors’ Contribution
Conceptualization, A.A and S.G; methodology, C.M.; A.T. 
and G.P.; software, A.T.; formal analysis, A.A.; resources, 
G.P.; data curation, A.A., A.T; writing-original draft prepa-
ration, A.A..; writing-review and editing, A.A. and A.T.; su-
pervision, A.A.; S.G. and C.M. All authors have read and 
agreed to the published version of the manuscript.

References

 1) Wu Z, McGooGan JM. Characteristics of and im-
portant lessons from the Coronavirus Disease 
2019 (COVID-19) outbreak in China: summary of 
a report of 72 314 cases from the Chinese center 
for disease control and prevention. JAMA 2020; 
10.1001/jama.2020.2648. 

 2) alleGra a, PioGGia G, Tonacci a, Musolino c, 
GanGeMi s. Cancer and SARS-CoV-2 infection: di-
agnostic and therapeutic challenges. Cancers 
(Basel) 2020; 12: E1581.

 3) alberca rW, oliveira lM, branco accc, Pereira nZ, 
saTo Mn. Obesity as a risk factor for COVID-19: an 
overview. Crit Rev Food Sci Nutr 2020; 15: 1-15.

 4) boucher bJ. The problems of vitamin d insufficien-
cy in older people. Aging Dis 2012; 3: 313.

 5) Meehan M, Penckofer s. The role of vitamin D in the 
aging adult. J Aging Gerontol. 2014; 2: 60.

 6) De sMeT D, De sMeT k, herroelen P, GrysPeerDT s, Mar-
Tens Ga. Vitamin D deficiency as risk factor for se-
vere COVID-19: a convergence of two pandemics, 
medRxiv. 2020; 10.1101/2020.05.01.20079376. 
Available at: https://www.medrxiv.org/content/10.
1101/2020.05.01.20079376v1 (Accessed: 18 May 
2020).

 7) lau fh, MaJuMDer r, Torabi r, saeG f, hoffMan r, 
cirillo JD, GreiffensTein P. Vitamin D insufficiency 
is prevalent in severe COVID-19. MedRxvi 2020; 
doi:10.1101/2020.04.24.20075838.

Table IV. Clinical studies related to COVID-19 and retinoids.

 Study title Interventions Status

Assessment the Activity Value of 13- Cis-Retinoic cid Drug: Drug Isotretinoin Not yet recruiting
(Isotretinoin) in the Treatment of COVID-19  13 cis retinoic acid) 
(Randomized) (capsules+standard treatment 
 Drug: Isotretinoin (Aerosolized 
 13 cis retinoic acid) +standard 
 treatment 
 Drug: Standard treatment 

Combination With Inhibitor of Neutrophil Elastase Drug: Aerosolized 13 cis Not yet recruiting
(All-trans Retinoic Acid ) and Isotretinoin May  retinoic acid 
Enhances Neutralizing Antibodies in COVID -19  Drug: Aerosolized All 
Infected Patients Better han COVID-19 Inactivated Vaccines trans retinoic acid 
 Other: Placebo

Combination of Recombinant Bacterial ACE2 Receptors Combination Product: Not yet recruiting
-Like Enzyme of B38-CAP and Isotretinoin Could be Recombinant Bacterial ACE2 
Promising COVID-19 Infection- and Lung Injury  receptors -like enzyme of 
Preventing Drug Better Than Recombinant Human ACE2 B38-CAP (rbACE2) plus  
 Aerosolized 13 cis retinoic acid 

Combination Therapy With Isotretinoin and Tamoxifen Drug: Drug: Isotretinoin plus Not yet recruiting
Expected to Provide Complete Protection Against Severe Tamoxifen 
Acute Respiratory Syndrome Coronavirus Drug: Aerosolized Isotretinoin  
 plus Tamoxifen 

Isotretinoin in Treatment of COVID-19 Drug: Isotretinoin Only Product Not yet recruiting
 in Oral Dose Form 



A. Allegra, A. Tonacci, G. Pioggia, C. Musolino, S. Gangemi

9734

 8) hasTie ce, Mackay Df, ho f, celis-Morales ca, ka-
TikireDDi sv, nieDZWieDZ cl, Jani bD, Welsh P, Mair 
fs, Gray sr, o’Donnell ca, Gill JM, saTTar n, Pell 
JP. Vitamin D concentrations and COVID-19 infec-
tion in UK Biobank, Diabetes Metab Syndr 2020; 
14: 561-565.

 9) DarlinG al, ahMaDi kr, WarD ka, harvey nc, cou-
To alves a, Dunn-WaTers Dk, lanhaM-neW sa, coo-
Per c, blackbourn DJ. Vitamin D status, body mass 
index, ethnicity and COVID- 19: Initial analysis of 
the first-reported UK Biobank COVID-19 positive 
cases (n 580) compared with negative controls (n 
723). medRxiv 2020.

10) lanhaM-neW sa, Webb ar, cashMan kD, buTTriss Jl, 
falloWfielD Jl, MasuD T, heWison M, MaThers Jc, kie-
ly M, Welch aa, WarD ka, MaGee P, DarlinG al, hill 
Tr, GreiG c, sMiTh cP, MurPhy r, leylanD s, bouillon 
r, ray s, kohlMeier M. Vitamin D and SARS-CoV-2 
virus/COVID-19 disease. BMJ Nutr Prev Health 
2020; doi.org/10.1136/bmjnph-2020-000089.

11) Dhillon P, breuer M, hirsT n. COVID-19 break-
throughs: separating fact from fiction. FEBS J 
2020; 10.1111/febs.15442. doi:10.1111/febs.15442.

12) vuicharD Gysin D, Dao D, Gysin cM, lyTvyn l, loeb 
M. Effect of vitamin D3 supplementation on re-
spiratory tract infections in healthy individuals: 
A systematic review and meta-analysis of ran-
domized controlled trials. PLoS One 2016; 11: 
e0162996.

13) ilie Pc, sTefanescu s, sMiTh l. The role of vitamin D 
in the prevention of coronavirus disease 2019 in-
fection and mortality. Aging Clin Exp Res. 2020; 
1-4.

14) kara M, ekiZ T, ricci v, kara Ö, chanG kv, ÖZçakar, 
l. ‘Scientific Strabismus’ or two related pandem-
ics: COVID-19 & vitamin D deficiency. Br J Nutr 
2020; 1-20.

15) herrick ka, sToranDT rJ, afful J, Pfeiffer cM, schle-
icher rl, Gahche JJ, PoTischMan n. Vitamin D sta-
tus in the United States, 2011-2014. Am J Clin Nu-
tr 2019; 110: 150-157.

16) yancy cW. COVID-19 and African Americans. JA-
MA 2020; https://doi.org/10.1001/jama.2020.6548.

17) alZaMan ns, DaWson-huGhes b, nelson J, D’alessio 
D, PiTTas aG. Vitamin D status of black and white 
Americans and changes in vitamin D metabolites 
after varied doses of vitamin D supplementation. 
Am J Clin Nutr 2016; 104: 205-214.

18) liPs P, cashMan kD, laMberG-allarDT c, bischoff-fer-
rari ha, oberMayer-PieTsch b, bianchi Ml, sTePan J, 
el-haJJ fuleihan G, bouillon r. Current vitamin D 
status in European and Middle East countries and 
strategies to prevent vitamin D deficiency: a po-
sition statement of the European Calcified Tissue 
Society. Eur J Endocrinol 2019; 180: P23-P54.

19) MarTineau ar, Jolliffe Da, hooPer rl, GreenberG 
l, aloia Jf, berGMan P, Dubnov-raZ G, esPosiTo s, 
GanMaa D, GinDe aa, GooDall ec, GranT cc, Grif-
fiThs cJ, Janssens W, laaksi i, Manaseki- hollanD s, 
MauGer D, MurDoch Dr, neale r, rees Jr, siMPson s. 
Jr, sTelMach i, kuMar GT, urashiMa M, caMarGo ca. 
Jr. Vitamin D supplementation to prevent acute 

respiratory tract infections: systematic review and 
meta-analysis of individual participant data. BMJ 
2017; 356: i6583.

20) honG M, XionG T, huanG J, Wu y, lin l, ZhanG Z, 
huanG l, Gao D, WanG h, kanG c, Gao Q, yanG 
X, yanG n, hao l. Association of vitamin D sup-
plementation with respiratory tract infection in in-
fants. Matern Child Nutr 2020; 5: e12987. 

21) TsuJino i, ushikoshi-nakayaMa r, yaMaZaki T, MaTsuMo-
To n, saiTo i. Pulmonary activation of vitamin D3 
and preventive effect against interstitial pneumo-
nia. J Clin Biochem Nutr 2019; 65: 245-251. 

22) Zhou yf, luo ba, Qin ll. The association be-
tween vitamin D deficiency and community-ac-
quired pneumonia: A meta-analysis of obser-
vational studies. Medicine (Baltimore) 2019; 98: 
e17252.

23) huanG f, ZhanG c, liu Q, Zhao y, ZhanG, y, Qin y, li 
X, li c, Zhou c, Jin n, JianG c. Identification of am-
itriptyline HCl, flavin adenine dinucleotide, azacit-
idine and calcitriol as repurposing drugs for influ-
enza A H5N1 virus-induced lung injury. PLoS Pat-
hog 2020; 16: e1008341. 

24) MansueTo P, seiDiTa a, viTale G, GanGeMi s, iaria c, 
cascio a. Vitamin D deficiency in HIV infection: not 
only a bone disorder. Biomed Res Int 2015; 2015: 
735615.

25) Jolliffe Da, Greiller cl, Mein ca, hoTi M, bakhso-
liani e, Telcian aG, siMPson a, barnes nc, curTin Ja, 
cusTovic a, JohnsTon sl, GriffiThs cJ, WalTon rT, 
MarTineau ar. Vitamin D receptor genotype influ-
ences risk of upper respiratory infection. Br J Nu-
tr 2018; 120: 891-900.

26) JiMéneZ-sousa Ma, JiMéneZ Jl, fernánDeZ-roDríGueZ 
a, brochaDo-kiTh o, bellón JM, GuTierreZ f, DíeZ c, 
bernal-Morell e, viciana P, MuñoZ-fernánDeZ Ma, 
resino s. VDR rs2228570 polymorphism is related 
to non-progression to AIDS in antiretroviral ther-
apy naïve HIV infected patients. J Clin Med 2019; 
8: E311.

27) ronDanelli M, Miccono a, laMburGhini s, avanZaTo 
i, riva a, alleGrini P, faliva Ma, Peroni G, nicheTTi 
M, Perna s. Self-care for common colds: the pivot-
al role of vitamin d, vitamin c, zinc, and echinacea 
in three main immune interactive clusters (phys-
ical barriers, innate and adaptive immunity) in-
volved during an episode of common colds-prac-
tical advice on dosages and on the time to take 
these nutrients/botanicals in order to prevent or 
treat common colds. Evid Based Complement Al-
ternat Med 2018; 2018: 5813095. 

28) kasT Ji, Mcfarlane aJ, Globinska a, sokoloWska M, 
WaWrZyniak P, sanak M, schWarZe J, akDis ca, Wan-
ke k. Respiratory syncytial virus infection influenc-
es tight junction integrity. Clin Exp Immunol 2017; 
190: 351-359.

29) chen y, lenG k, lu y, Wen l, Qi y, Gao W, chen h, 
bai l, an X, sun b, WanG P, DonG J. Epidemiologi-
cal features and time-series analysis of influenza 
incidence in urban and rural areas of Shenyang, 
China, 2010–2018. Epidemiol Infect 2020; 148: 
e29. 



Vitamin deficiency and SARS-CoV-2 infection

9735

30) rossi Ga, fanous h, colin aa. Viral strategies pre-
disposing to respiratory bacterial superinfections. 
Pediatr Pulmonol 2020; 55: 1061-1073.

31) GranT,Wb, lahore h, McDonnell sl, baGGerly ca, 
french cb, aliano Jl, bhaTToa hP. Evidence that vi-
tamin D supplementation could reduce risk of in-
fluenza and covid-19 infections and deaths. Nutri-
ents 2020; 12: 988.

32) schWalfenberG Gk. A review of the critical role of vi-
tamin D in the functioning of the immune system 
and the clinical implications of vitamin D deficien-
cy. Mol. Nutr. Food Res. 2011; 55: 96–108. 

33) sassi f, TaMone c, D’aMelio P. Vitamin D: nutrient, 
hormone, and immunomodulator. Nutrients 2018; 
10: 1656. 

34) liu PT, sTenGer s, li h, WenZel l, Tan bh, kruTZik 
sr, ochoa MT, schauber J, Wu k, Meinken c, kaMen 
Dl, WaGner M, bals r, sTeinMeyer a, ZüGel u, Gallo 
rl, eisenberG D, heWison M, hollis bW, aDaMs Js, 
blooM br, MoDlin rl. Toll-like receptor triggering 
of a vitamin D-mediated human antimicrobial re-
sponse. Science 2006; 311: 1770-1773. 

35) aDaMs Js, ren s, liu PT, chun rf, laGisheTTy v, GoM-
barT af, borreGaarD n, MoDlin rl, heWison M. Vita-
min d-directed rheostatic regulation of monocyte 
antibacterial responses. J Immunol 2009; 182: 
4289-4295.

36) laaksi i. Vitamin D and respiratory infection in 
adults. Proc Nutr Soc 2012; 71: 90-97. 

37) herr c, shaykhiev r, bals r. The role of cathelicidin 
and defensins in pulmonary inflammatory diseas-
es. Expert Opin Biol Ther 2007; 7: 1449-1461. 

38) aGier J, efenberGer M, brZeZinska-blasZcZyk E. Cathe-
licidin impact on inflammatory cells. Cent. Eur. J 
Immunol 2015; 40: 225-235.

39) Glinsky Gv. Tripartite combination of candidate 
pandemic mitigation agents: vitamin d, querce-
tin, and estradiol manifest properties of medici-
nal agents for targeted mitigation of the COVID-19 
pandemic defined by genomics-guided tracing of 
SARS-CoV-2 targets in human cells. Biomedi-
cines 2020; 8: E129.

40) MefTahi Gh, JanGravi Z, sahraei h, bahari Z. The 
possible pathophysiology mechanism of cytokine 
storm in elderly adults with COVID-19 infection: 
the contribution of “inflame-aging”. Inflamm Res 
2020; doi:10.1007/s00011-020-01372-8.

41) ayGun h. Vitamin D can prevent COVID-19 in-
fection-induced multiple organ damage. Naunyn 
Schmiedebergs Arch Pharmacol 2020; 1-4. 

42) Xu J, yanG J, chen J, luo Q, ZhanG Q, ZhanG h. 
Vitamin D alleviates lipopolysaccharide-induced 
acute lung injury via regulation of the renin angio-
tensin system. Mol Med Rep 2017; 16: 7432-7438.

43) ali rM, al-shorbaGy My, helMy MW, el-abhar hs. 
Role of Wnt4/β-catenin, Ang II/TGFβ, ACE2, NF-
κB, and IL-18 in attenuating renal ischemia/reper-
fusion-induced injury in rats treated with Vit D and 
pioglitazone. Eur J Pharmacol 2018; 831: 68-76.

44) lin M, Gao P, Zhao T, he l, li M, li y, shui h, Wu 
X. Calcitriol regulates angiotensin-converting en-

zyme and angiotensin converting-enzyme 2 in 
diabetic kidney disease. Mol Biol Rep 2016; 43: 
397-406.

45) sPeeckaerT MM, sPeeckaerT r, van Geel n, DelanG-
he Jr. Vitamin D binding protein: a multifunction-
al protein of clinical importance. Adv Clin Chem 
2014; 63: 1-57. 

46) Du l, Zhou J, ZhanG J, yan M, GonG l, liu X, chen 
M, Tao k, luo n, liu J. Actin filament reorganiza-
tion is a key step in lung inflammation induced by 
systemic inflammatory response syndrome. Am J 
Respir Cell Mol Biol 2012; 47: 597-603.

47) Ge l, TruJillo G, Miller eJ, keW rr. Circulating 
complexes of the vitamin D binding protein with 
G-actin induce lung inflammation by targeting en-
dothelial cells. Immunobiology 2014; 219: 198-
207.

48) keW rr. The vitamin D binding protein and in-
flammatory injury: a mediator or sentinel of tissue 
damage? Front Endocrinol (Lausanne) 2019; 10: 
470.

49) sPeeckaerT MM, DelanGhe Jr. Association between 
low vitamin D and COVID-19: don’t forget the vita-
min D binding protein. Aging Clin Exp Res 2020; 
32: 1207-1208.

50) Weir ek, ThenaPPan T, bharGava M, chen y. Does 
vitamin D deficiency increase the severity of 
COVID-19?. Clin Med (Lond) 2020. doi:10.7861/
clinmed.2020-0301.

51) alleGra a, innao v, alleGra aG, Musolino c. Coag-
ulopathy and thrombo-embolic events in patients 
with SARS-CoV-2 infection: pathogenesis and 
management strategies. Ann Hematol 2020; 99: 
1953-1965.

52) islaM Ma, khanDker ss, alaM ss, koTyla P, hassan 
r. Vitamin D status in patients with systemic lu-
pus erythematosus (SLE): A systematic review 
and meta-analysis. Autoimmun Rev 2019; 18: 
102392.

52) facchiano a, facchiano a, barToli M, ricci a, fac-
chiano f. Reply to Jakovac: about COVID-19 and 
vitamin D. Am J Physiol Endocrinol Metab 2020; 
318: E838. 

53) u.s. naTional library of MeDicine WWW/clinicalTrials.
Gov.

54) chakhToura M, naPoli n, el haJJ fuleihan G. Com-
mentary: myths and facts on vitamin D amidst 
the COVID-19 pandemic. Metabolism 2020; 109: 
154276.

55) Maes k, serré J, MaThyssen c, Janssens W, Gayan-
raMireZ, G. Targeting vitamin D deficiency to lim-
it exacerbations in respiratory diseases: utopia 
or strategy with potential? Calcif Tissue Int 2020; 
106: 76-87. 

56) MurDaca G, Tonacci a, neGrini s, Greco M, bor-
ro M, PuPPo f, GanGeMi S. Emerging role of vita-
min D in autoimmune diseases: An update on ev-
idence and therapeutic implications. Autoimmun 
Rev 2019; 18: 102350.

57) GarG M, rosella o, rosella G, Wu y, lubel Js, Gib-
son Pr. Evaluation of a 12-week targeted vitamin 



A. Allegra, A. Tonacci, G. Pioggia, C. Musolino, S. Gangemi

9736

D supplementation regimen in patients with ac-
tive inflammatory bowel disease. Clin Nutr 2018; 
37: 1375-1382.

58) koW cs, haDi Ma, hasan ss. Vitamin D supple-
mentation in influenza and COVID-19 Infections 
Comment on: “Evidence that Vitamin D Sup-
plementation Could Reduce Risk of Influenza 
and COVID-19 Infections and Deaths”. Nutrients 
2020; 12: 988.

59) forresT kyZ, sTuhlDreher WL. Prevalence and cor-
relates of vitamin D deficiency in US adults. Nutr 
Res 2011; 31: 48-54. 

60) GarG M, al-ani a, MiTchell h, henDy P, chris-
Tensen b. Editorial: low population mortality from 
COVID-19 in countries south of latitude 35 de-
grees North-supports vitamin D as a factor deter-
mining severity. Authors’ reply. Aliment Pharma-
col Ther 2020; 51: 1438-1439. 

61) klein M. The mechanism of the virucidal action of 
ascorbic acid. Science 1945; 101: 587-589.

62) valero n, MosQuera J, alcocer s, bonilla e, sala-
Zar J, álvareZ-Mon M. Melatonin, minocycline and 
ascorbic acid reduce oxidative stress and viral ti-
ters and increase survival rate in experimental 
venezuelan equine encephalitis. Brain Res 2015; 
1622: 368-376.

63) lalleMenT a. Persistent parvovirus B19 viremia 
with chronic arthralgia treated with ascorbic acid: 
a case report. J Med Case Rep 2015; 9: 1.

64) Moens b, Decanine D, MeneZes sM, khouri r, sil-
va-sanTos G, loPeZ G, alvareZ c, TalleDo M, Go-
TuZZo e, De alMeiDa kruscheWsky r, Galvão-cas-
Tro b, vanDaMMe a-M, van WeyenberGh J. Ascor-
bic acid has superior ex vivo antiproliferative, cell 
death-inducing and immunomodulatory effects 
over IFNalpha in HTLV-1-associated myelopathy. 
PLoS Negl Trop Dis 2012; 6: e1729.

65) kaTaoka a, iMai h, inayoshi, s, TsuDa T. Intermit-
tent high-dose vitamin C therapy in patients with 
HTLV-I associated myelopathy. J Neurol Neuro-
surg Psy 1993; 56: 1213-1216.

66) harakeh s. NF-kappa B-independent suppression 
of HIV expression by ascorbic acid. AIDS Res. 
Hum. Retroviruses 1997; 13: 235-239.

67) raWal bD, barTolini f, vyas GM. In vitro inactivation 
of human immunodeficiency virus by ascorbic ac-
id. Biologicals 1995; 23: 75-81.

68) harakeh s, JariWalla rJ, PaulinG l. Suppression 
of human immunodeficiency virus replication by 
ascorbate in chronically and acutely infected 
cells. Proc Natl Acad Sci U S A 1990; 87: 7245-
7249.

69) banic s. Prevention of rabies by vitamin C. Nature 
1975; 258: 153-154.

70) PaulinG l. The significance of the evidence about 
ascorbic acid and the common cold. Proc Natl 
Acad Sci U S A 1971; 68: 2678–2681.

71) colunGa biancaTelli rMl, berrill M, Marik Pe. The 
antiviral properties of vitamin C. Expert Rev Anti 
Ther 2020; 18: 99-101.

72) While la, freeMan cy, forresTer bD, chaPPel Wa. In 
vitro effect of ascorbic acid on infectivity of her-
pesviruses and paramyxoviruses. J Clin Microbi-
ol 1986; 24: 527-531.

73) uesaTo s, kiTaGaWa y, kaiJiMa T, TokuDa h, okuDa M, 
Mou Xy, Mukainaka T, nishino h. Inhibitory effects 
of 6-O-acylated L ascorbic acids possessing a 
straight- or branched-acyl chain on epstein-barr 
virus activation. Cancer Lett 2001; 166: 143-146.

74) cinaTl J, cinaTl J, Weber b, rabenau h, GüMbel ho, 
chenoT Jf, scholZ M, encke a, Doerr hW. In vi-
tro inhibition of human cytomegalovirus replica-
tion in human foreskin fibroblasts and endothelial 
cells by ascorbic acid 2-phosphate. Antiviral Res. 
1995; 27: 405-418.

75) carr ac. Vitamin C and immune function. Nutri-
ents 2017; 9: 1211.

76) May JM, harrison fe. Role of vitamin C in the func-
tion of the vascular endothelium. Antioxid Redox 
Signal 2013; 19: 2068-2083.

77) leiboviTZ b, sieGel bv. Ascorbic acid and the immune 
response. Adv Exp Med Biol 1981; 135: 1-25.

78) Dey s, bishayi b. Killing of S. aureus in murine peri-
toneal macrophages by ascorbic acid along with 
antibiotics chloramphenicol or ofloxacin: correla-
tion with inflammation. Microb Pathog 2018; 115: 
239-250.

79) kiM y, kiM h, bae s, choi J, liM sy, lee n, konG JM, 
hWanG y-ii, kanG Js, lee WJ. Vitamin C is an es-
sential factor on the anti-viral immune response 
through the production of interferon-alpha/beta at 
the initial stage of influenza A virus (H3N2) infec-
tion. Immune Netw 2013; 13: 70-74.

80) heMilä h, chalker e. Vitamin C for preventing and 
treating the common cold. Cochrane Database 
Syst Rev 2013; 1: CD00980.

81) fuJii T, lueThi n, younG rJ, frei Dr, easTWooD GM, 
french cJ, Deane aM, shehabi y, haJJar la, oliveira 
G, uDy aa, orforD n, eDney sJ, hunT al, JuDD hl, 
biTker l, cioccari l, naorunGroJ T, yanase f, baTes s, 
McGain f, huDson eP, al-bassaM W, DWiveDi Db, PeP-
Pin c, Mccracken P, orosZ J, bailey M, belloMo r, vi-
TaMins Trial invesTiGaTors. Effect of vitamin C, hydro-
cortisone, and thiamine vs hydrocortisone alone on 
time alive and free of vasopressor support among 
patients with septic shock. The VITAMINS random-
ized clinical trial. JAMA 2020; 323: 423-431. 

82) boreTTi a, banik bk. Intravenous vitamin C for re-
duction of cytokines storm in acute respirato-
ry distress syndrome. PharmaNutrition 2020; 12: 
100190

83) foWler aa iii, TruWiT JD, hiTe rD, Morris Pe, DeWil-
De c, PriDay a, fisher b, Thacker lr 2nD, naTaraJan 
r, broPhy Df, sculThorPe r, nanchal r, syeD a, sTur-
Gill J, MarTin Gs, sevransky J, kashiouris M, haM-
Man s, eGan kf, hasTinGs a, sPencer W, Tench s, Me-
hkri o, binDas J, DuGGal a, Graf J, Zellner s, yanny 
l, McPolin c, hollriTh T, kraMer D, oJielo c, DaMM 
T, cassiTy e, WielicZko a, halQuisT M. Effect of vita-
min C infusion on organ failure and biomarkers of 
inflammation and vascular injury in patients with 



Vitamin deficiency and SARS-CoV-2 infection

9737

sepsis and severe acute respiratory failure: the 
CITRIS-ALI randomized clinical trial. JAMA 2019; 
322: 1261-1270. 

84) heMilä h, chalker e. Vitamin C can shorten the 
length of stay in the ICU: a meta-analysis. Nutri-
ents 2019; 11: E708. 

85) heMilä h, chalker e. Vitamin C may reduce the 
duration of mechanical ventilation in critically ill 
patients: a meta-regression analysis. J Int Care 
2020; 8: 15. 

86) carr ac, rosenGrave Pc, bayer s, chaMbers s, Meh-
rTens J, shaW GM. Hypovitaminosis C and vitamin 
C deficiency in critically ill patients despite recom-
mended enteral and parenteral intakes. Crit Care 
2017; 21: 300.

87) Da silva Mr, schaPochnik a, leal MP, esTeves J, bichels 
hebeDa c, sanDri s, Pavani c, raTTo TeMPesTini horliana 
ac, farsky shP, lino-Dos-sanTos-franco a. Benefi-
cial effects of ascorbic acid to treat lung fibrosis in-
duced by paraquat. PLoS One 2018; 13: 0205535.

88) benDib i, De chaiseMarTin l, GranGer v, schleMMer f, 
MaiTre b, hüe s, surenauD M, belDi-ferchiou a, car-
TeauX G, raZaZi k, cholleT-MarTin s, MekonTso Dess-
aP a, De ProsT n. Neutrophil extracellular traps 
are elevated in patients with pneumonia-related 
acute respiratory distress syndrome. Anesthesi-
ology 2019; 130: 581-591. 

89) kashiouris MG, l’heureuX M, cable ca, fisher bJ, 
leichTle sW, foWler aa. The emerging role of vita-
min C as a treatment for sepsis. Nutrients 2020; 
12: 292.

90) shanGhai GovernMenT officially recoMMenDs viTa-
Min c for coviD-19. Available at: https://nex-
usnewsfeed.com/ar ticle/geopolit ics/shang-
hai-government-officially-recommends-vita-
min-c-for-covid-19/.

91) chenG r. Hospital treatment of serious and 
critical COVID-19 infection with high-dose vi-
tamin C. Available at: http://www.drwlc.com/
blog/2020/03/18/hospital-treatment-of-serious-
and-critical-covid-19-infection-with-high-dose-vi-
tamin-c/. Published March 18, 2020. Accessed 
April 2, 2020.

92) naTional insTiTuTes of healTh office of DieTary suP-
PleMenTs. Vitamin C. https://ods.od.nih.gov/fact-
sheets/VitaminC-Health Professional/#h8. Ac-
cessed April 30, 2020.

93) aDaMs kk, baker Wl, sobieraJ DM. Myth busters: 
dietary supplements and COVID-19. Ann Phar-
macother. 2020; doi:10.1177/1060028020928052.

94) carr ac. A new clinical trial to test high-dose vita-
min C in patients with COVID-19. Crit Care 2020; 
24: 133.

95) Tan shs, honG cc, saha s, MurPhy D, hui Jh. Med-
ications in COVID-19 patients: summarizing the 
current literature from an orthopaedic perspec-
tive. Int Orthop 2020; 1-5. 

96) kakoDkar P, kaka n, baiG Mn. A Comprehensive 
literature review on the clinical presentation, and 
management of the pandemic coronavirus Dis-
ease 2019 (COVID-19). Cureus 2020; 12: e7560. 

 97) ZhanG l, liu y. Potential interventions for nov-
el coronavirus in China: a systematic review. J 
Med Virol 2020; 92: 479-490.

 98) kanDeel M, al-naZaWi M. Virtual screening and 
repurposing of FDA approved drugs against 
COVID-19 main protease. Life Sci 2020; 251: 
117627. 

 98) raverDeau M, Mills kh. Modulation of T cell and 
innate immune responses by retinoic Acid. J Im-
munol 2014; 192: 2953-2958. 

 99) ross ac, sTePhensen cb. Vitamin A and retinoids 
in antiviral responses. FASEB J 1996; 10: 979-
985. 

100) hieMsTra ih, beiJer Mr, veninGa h, vriJlanD k, 
borG eG, olivier bJ, Mebius re, kraal G, Den haan 
JM. The identification and developmental re-
quirements of colonic CD169(+) macrophages. 
Immunology 2014; 142: 269-278. 

101) shresTha s, kiM sy, yun yJ, kiM Jk, lee JM, shin M, 
sonG Dk, honG cW. Retinoic acid induces hy-
persegmentation and enhances cytotoxicity of 
neutrophils against cancer cells. Immunol Lett 
2017; 182: 24-29. 

102) chanG hk, hou Ws. Retinoic acid modulates in-
terferon-gamma production by hepatic natural 
killer T cells via phosphatase 2A and the extra-
cellular signal-regulated kinase pathway. J. In-
terferon Cytokine Res 2015; 35: 200-212. 

103) Wynn Ta, vannella kM. Macrophages in tis-
sue repair, regeneration, and fibrosis. Immunity 
2016; 44: 450-462.

104) beiJer Mr, Molenaar r, Goverse G, Mebius re, 
kraal G, Den haan JM. A crucial role for reti-
noic acid in the development of Notch-depen-
dent murine splenic CD8- CD4- and CD4+ 
dendritic cells. Eur J Immunol 2013; 43: 1608-
1616.

105) Duriancik DM, hoaG ka. Vitamin A deficiency al-
ters splenic dendritic cell subsets and increas-
es CD8(+)Gr-1(+) memory T lymphocytes in 
C57BL/6J mice. Cell Immunol 2010; 265: 156-163. 

106) klebanoff ca, sPencer sP, Torabi-PariZi P, GrainGer 
Jr, roychouDhuri r, Ji y, sukuMar M, Muranski P, 
scoTT cD, hall Ja, ferreyra Ga, leonarDi aJ, 
borMan Za, WanG J, PalMer Dc, WilhelM c, cai r, 
sun J, naPoli Jl, Danner rl, GaTTinoni l, belkaiD 
y, resTifo nP. Retinoic acid controls the homeo-
stasis of pre-cDC-derived splenic and intesti-
nal dendritic cells. J Exp Med 2013; 210: 1961-
1976. 

107) Worbs T, haMMerschMiDT si, forsTer r. Dendritic 
cell migration in health and disease. Nat Rev Im-
munol 2017; 17: 30-48.

108) sTePhensen cb. Vitamin A, infection, and immune 
function. Annu Rev Nutr 2001; 21: 167-192. 

109) TiMoneDa J, roDríGueZ-fernánDeZ l, ZaraGoZá r, 
Marín MP, cabeZuelo MT, Torres l, viña Jr, barber 
T. Vitamin A deficiency and the lung. Nutrients 
2018; 10: 1132. 

110) siDDiQi hk, Mehra Mr. COVID-19 illness in native 
and immunosuppressed states: a clinical-ther-



A. Allegra, A. Tonacci, G. Pioggia, C. Musolino, S. Gangemi

9738

apeutic staging proposal. J Heart Lung Trans-
plant2020; 39: 405-407.

111) soye kJ, TroTTier c, richarDson cD, WarD bJ, Miller 
Wh. RIG-I is required for the inhibition of measles 
virus by retinoids. PLoS One 2011; 6: e22323. 

112) chen s, yanG, y Xu J, su l, WanG W. Effect of 
all-trans-retinoic acid on enterovirus 71 infection 
in vitro. Br J Nutr 2014; 111: 1586-1593. 

113) li b, WanG y, shen f, Wu M, li y, fanG Z, ye J, WanG 
l, Gao l, yuan Z, chen J. Identification of retinoic 
acid receptor agonists as potent hepatitis b virus 
inhibitors via a drug repurposing screen. Antimi-
crob Agents Chemother 2018; 12: 62.

114) anGulo a, chanDraraTna ra, leblanc Jf, GhaZal, 
P. Ligand induction of retinoic acid receptors al-
ters an acute infection by murine cytomegalovi-
rus. J Virol 1998; 72: 4589-600. 

115) lee h, ko G. Antiviral effect of vitamin A on nor-
ovirus infection via modulation of the gut micro-
biome. Sci Rep 2016; 6: 25835. 

116) TroTTier c, chaboT s, Mann kk, coloMbo M, chaT-
TerJee a, Miller Wh, Miller Wh Jr, WarD bJ. Ret-
inoids inhibit measles virus in vitro via nuclear 
retinoid receptor signaling pathways. Antiviral 
Res. 2008; 80: 45-53. 

117) yuan s, chu h, chan Jf, ye ZW Wen l, yan b, lai 
PM, Tee kM, huanG J, chen D, li c, Zhao X, yanG 
D, chiu Mc, yiP c, Poon vk, chan cc, sZe kh, 
Zhou J, chan ih, kok kh, To kk, kao ry, lau Jy, 
Jin Dy, PerlMan s, yuen k.y. SREBP-dependent 
lipidomic reprogramming as a broad-spectrum 
antiviral target. Nat Commun. 2019; 10: 120. 

118) alleGra a, Di Gioacchino M, Tonacci a, Musolino 
c, GanGeMi s. Immunopathology of SARS-CoV-2 
infection: immune cells and mediators, prog-
nostic factors, and immune-therapeutic implica-
tions. Int J Mol Sci 2020; 21: 4782.

119) Trasino se. A role for retinoids in the treatment of 
COVID-19? Clin Exp Pharmacol Physiol 2020; 
doi: 10.1111/1440-1681.13354.

120) chen kh, WanG sf, WanG sy, yanG yP, WanG 
Ml, chiou sh, chanG yl. Pharmacological de-
velopment of the potential adjuvant therapeu-
tic agents against coronavirus disease 2019. 
J Chin Med Assoc 2020; doi:10.1097/JC-
MA.0000000000000375.

121) alleGra a, sPeciale a, Molonia Ms, GuGlielMo l, 
Musolino c, ferlaZZo G, cosTa G, saiJa a, ciMino f. 
Curcumin ameliorates the in vitro efficacy of car-
filzomib in human multiple myeloma U266 cells 
targeting p53 and NF-κB pathways. Toxicol In 
Vitro 2018; 47: 186-194.

122) eTTari r, PreviTi s, Maiorana s, alleGra a, schir-
MeisTer T, Grasso s, ZaPPalà, M. Drug combina-
tion studies of curcumin and genistein against 
rhodesain of Trypanosoma brucei rhodesiense. 
Nat Prod Res 2019; 33: 3577-3581.

123) infusino f, MaraZZaTo M, Mancone M, feDele f, 
MasTroianni, cM, severino P, ceccarelli G, sanTinel-
li l, cavarreTTa e, Marullo aGM, MiralDi f, carne-
vale r, nocella c, bionDi-Zoccai G, PaGnini c, schi-
avon s, PuGliese, f, fraTi G, D’eTTorre G. Diet Sup-
plementation, probiotics, and nutraceuticals in 
SARS-CoV-2 infection: a scoping review. Nutri-
ents 2020; 12: E1718.


