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D. In this paper, we try to emphasize the importance of Vitamin D in COVID-19 and respiratory tract infections;
respiratory viral patients. respiratory viruses; 25(0H)
Relevance: Vitamin D helps in decreasing the ‘pro-inflammatory cytokines’ in the lungs and D; vitamin D

acts in immunomodulatory function, and ‘also it will increase the anti-inflammatory, antiviral

responses of the respiratory epithelial cells during infection.’

Conclusion: Due to the highly contagious nature of COVID-19 and the increased morbidity

and mortality with no appropriate therapy and vaccine, one must be cautious and do

everything to help COVID-19 patients. In hospitals and other health care settings to decrease

cross-contamination, holding other non-essential medications is taking place. Discontinuing

Vitamins could increase the mortality and morbidity of those affected, especially in deficient/

insufficient individuals. Obtaining serum 25 (OH) D levels in all patients with viral respiratory

infections, especially COVID-19, could help in the detection and treatment of Vitamin

D deficiency and potentially decrease recovery time and improve outcome. Even though

evidence suggests that vitamin D has the anti-inflammatory, antiviral properties, randomized

double-blinded controlled trials are needed to verify this further, and to understand Vitamin

D and COVID-19 better.
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1. Introduction especially in deficient and insufficient individuals.
In this paper, we try to emphasize the importance
of Vitamin D in COVID-19 and respiratory viral
As the scientific community is in a marathon in  patients.

finding out the cure for COVID-19, in this crisis, it
is essential for the physicians not to forget about
the basics. Due to the pandemic crisis, in many
nursing homes and hospitals, there established
new policies on decreasing unnecessary medica-  The purpose of this review is to identify and sum-
tions to minimize cross-contamination. Sometimes  marise the importance of vitamin D and its role in
these policies are making providers avoid essential ~ protecting humans from COVID-19 and other
drugs such as Vitamins, including Vitamin D,  respiratory viruses.

1.1. Background

1.2. Objectives

CONTACT Mamtha Balla @) athamam@gmail.com &) Department of Internal Medicine, University of Toledo, Promedica Toledo Hospital, Toledo, OH
43606
© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group on behalf of Greater Baltimore Medical Center.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0001-9414-8599
http://orcid.org/0000-0002-8283-1267
http://orcid.org/0000-0003-1953-8815
http://orcid.org/0000-0002-8460-9838
http://orcid.org/0000-0002-4599-5609
http://orcid.org/0000-0002-5158-8663
http://orcid.org/0000-0001-5194-9134
http://orcid.org/0000-0001-5608-5654
http://orcid.org/0000-0003-1238-856X
http://orcid.org/0000-0002-9923-8638
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20009666.2020.1811074&domain=pdf&date_stamp=2020-10-27

530 M. BALLA ET AL.

2. Discussion

COVID-19 was first described in Wuhan, China, in
December 2019. As of 14 May 2020, there have been
approximately 4,516,533 confirmed cases, with about
302,889 deaths (according to WHO). (https://
covid19.who.int) The USA accounted for 32.5% of
cases and 24.2% of total deaths around the globe.
As per the data from residents treated in New York
facilities, 73.6% of the individuals died are above
65 years of age as of May 13, which shows significant
mortality in older adults[1]. COVID-19 pandemic is
affecting every sector in the community, including,
but not limited to, Information Technology, retail,
and farming as well as manufacturing and health
industries, impacting those involved financially, men-
tally, and physically. Several pharmaceutical compa-
nies are rushing to prepare target therapies and
vaccines to combat this. Nevertheless, it is of utmost
importance to employ a multidirectional approach to
manage this pandemic.

Epidemiology and statistics among individuals

with comorbid conditions have changed from Asian
to the Western world. One significant difference
between both across the hemisphere is obesity,
which is an important comorbid condition in patients
with COVID-19 in the Western population.
According to the CDC, 2017-2018, age-adjusted
data showed that 42.8% are obese in the USA
(https://www.cdc.gov/obesity/data/adult.html).
A positive correlation between Vitamin D deficiency
and obesity is noted in studies[2]. It was posing that
Vitamin D plays an integral part in those with an
increased BMI. Now more than ever, treating patients
with Vitamin D is vital due to various beneficial
effects, including boosts immunity and innate immu-
nity against viral diseases due to the potential role of
Vitamin D in decreasing mortality associated with
cytokine storm in COVID-19 patients [3-5].
Vitamin D can act as adjunctive therapy to treat
‘cytokine storm’ noted in patients of COVID-19(6].
Calcitriol was stressed in several infectious and
inflammatory pulmonary diseases and was shown in
in-vitro trials as being a protective mechanism in
helping with the modulating and expression of ACE
I/II from lipopolysaccharide caused lung injury([7].

The classic function of Vitamin D is bone home-
ostasis. Nevertheless, it also has a regulatory and
modulates role in multiple domains such as inflam-
mation, epithelial repair, host defense, and immunity.
Deficiency in Vitamin D is more familiar in patients
with respiratory disease, indicating that Vitamin
D supplementation might be instrumental in this
group of patients. Vitamin D receptor is expressed
by respiratory macrophages/monocytes and epithelial
cells[8]. Vitamin D and its receptor are considered to
be vital in the protection against respiratory

infections. Generally, upper respiratory infections
are commonly associated with severe colds in the
elderly and children as well as patients with chronic
respiratory conditions such as chronic obstructive
pulmonary disease and asthma, resulting in exacer-
bation of those conditions. The immunologically
active metabolite of Vitamin D is one alpha 25 dihy-
droxy Vitamin D that interacts with the receptor
found on respiratory macrophages/monocytes and
epithelial cells and mediates epithelial cell differentia-
tion, proliferation, and apoptosis. In vitro studies
have shown that during respiratory viral infections,
the antiviral potential of the immune cells is
increased by Vitamin D through increased expression
of the antimicrobial peptide just as defensin, innate
interferons, and cathelicidin which are considered to
be a vital component of airway responsiveness against
viruses. Ultraviolet (UV) radiation exposure to the
skin produces Vitamin D[8]. It is observed that for
the population living in mid to high altitudes, the
availability of Vitamin D is less in winter compared
to the summer, leading to more chances of viral
respiratory infections in the winter[9].

2.1. Mechanism of action

Sources of 25-(OH) D are intake of Vitamin
D through diet and exposure to the sun. The immu-
nologically functioning form of Vitamin D is
Calcitriol and is formed (Figure 1) through sequential
hydroxylation. 25-hydroxyvitamin D is produced by
hydroxylation of Vitamin D3 (cholecalciferol) or
Vitamin D2 (ergocalciferol) by the cytochrome P450
enzyme 25a hydroxylase (CYP27A1) in the liver.
Mitochondrial 1a - hydroxylase enzyme (la [OH]
ase/CYP27B1) hydroxylates biologically inactive cir-
culating metabolite 25-(OH) D intracellularly in the
kidney, or extra renally into active form 1,25 (OH),
D. There is evidence that many cells that contribute
to innate immunity, such as macrophages, mono-
cytes, dendritic and epithelial cells can synthesize 1,25
(OH), D from 25 (OH) D by la - hydroxylation.
Pulmonary epithelial cells can express 1a hydroxylase
and produce Vitamin D locally, which increases
Vitamin D regulated gene expression, through
which it exhibits immunomodulatory effects and
host defense [10-12]. Serum levels are considered
a more accurate indicator of Vitamin D status. 25
(OH)D level equal to or greater than 30 ng/ml
(75 nmol/L) is considered sufficient (Table 1) The
Vitamin D levels between 20-29 ng/ml (50--
70 nmol/l) are deemed insufficient, and the levels
less than 20 ng/ml (50 nmol/L) as deficient [13]
Extracellular 25 hydroxyvitamin D binds to serum
Vitamin D binding protein, which then is endocyti-
cally internalized, and synthesized intracellularly and
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Figure 1. Vitamin D synthesis.
Table 1. Vitamin D levels.
Vitamin D status Serum levels

Sufficient Greater than or equals 30 ng/ml(75 nmol/l)
Insufficient 20-29 ng/ml(50-74 nmol/l)
Deficient Less than 20 ng/ml(50 nmol/L)

1, 25 dihydroxy Vitamin D tends to act on the
nuclear Vitamin D receptor (VDR) [14]. Vitamin
D-24-hydroxylase (24 [OH] ase/CYP24A1l) catabo-
lizes 1,25 (OH), D, and its precursor 25 (OH)
D [15]. 1,25 (OH), D activates target gene expression
by binding to the nuclear VDR. Moreover, based on
co-regulatory proteins and the nature of the stimulus,
there can be upregulation or downregulation of target
genes. 1,25(0OH)2 D by exerting negative feedback on
the Vitamin D signaling system through decreasing
CYP27B1 expression/la (OH) ase transcription and
also increasing CYP24A1 by increasing 24 (OH) ase
catabolic function can limit its synthesis. Hansdottir
et al. observed human respiratory epithelial cells
in vitro showed increased levels of la-hydroxylase
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and decreased levels of inactivating 24-hydroxylase,
hence enhancing the activation of Vitamin D [12]
Vitamin D shows its effect on both adaptive and
innate immune responses. Various in vitro studies
showed that 1, 25 (OH) D affected the development
of Thl mediated immunity by inhibiting it, which is
essential for cellular response induction. Cytokines
that are dependent on the activity of nuclear factor
kB (NF-kB) in multiple cells, including macrophages,
by blocking the activation of NF-kB p65 through
upregulation of the NF-kB inhibitory protein 1xBa
are also directly modulated by 1,25 (OH), D[16].
Toll-like receptors (TLRs) are transmembrane pro-
teins that recognize molecular motifs of viral and
bacterial origin and initiate innate immune responses.
TLR3, which is mainly involved in defense against
viruses, recognizes viral double-stranded RNA. The
treatment with Vitamin D has shown to reduce dou-
ble-stranded RNA-TLR3-induced expression of IL-8
in respiratory epithelial cells[12]. Both 25 (OH)
D and 1, 25 (OH), D were shown to modulate
T-cell adaptive immunity. The mechanism is by
decreasing the pro-inflammatory type 1 cytokines
such as IL-6, IL-8, IL-12, IFN-y, as well as IL-17
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and tumor necrosis factor-a) and also by increasing
regulatory T cells and anti-inflammatory type 2 cyto-
kines such as IL-4, IL-5, and IL-10 [17-19]. In the
summer months, reduction in the pro-inflammatory
levels of IL-1, IL-6, TNF-a, IFN-y, and IL-10 are
observed on TLR stimulation of human peripheral
blood mononuclear cells when compared to the win-
ter where the respiratory viral infections are at its
peak[20].

In healthy donors, primary cd4 + T cells when
cultured under Thl7-polarizing conditions, it was
observed that Vitamin D has reduced expression of
pathogenic Th17 markers and their secretion of
pro-inflammatory cytokines (IL-17A and IEN y),
which induced the expansion of CD25hi cells and
has also increased the expression of CTLA-4 and
Foxp3 regulatory markers[21]. A study of four
healthy individuals supplemented with Vitamin
D3 at a high dose (5000 to 10,000 IU/day) has
increased production of suppressor cytokine IL-10
by non-CD 4+ and non CD8 + T cells[22]. In
another randomized controlled trial on Vitamin
D deficient patients, supplementing with high-
dose (4000 IU/day) Vitamin D3 for two months
has significantly reduced CD4 + T cell-nonspecific
activation when compared to patients given with
low dose (400 IU/day)[23]. Vitamin D generated by
lung epithelium and widely expressed VDR in lung
epithelium could lead to increased expression of
antimicrobial peptides (such as cathelicidin and
defensin P4) in adjacent macrophages and other
innate immune cells [10,15,24]. Treating patients
with 1,25 (OH), D has induced NF-xB inhibitor
IxBa and, subsequently RSV induction of antiviral
IFN-B and CXCL10 which are driven by NF-kB
genes and antiviral IFN- ISG was downregu-
lated[25].

Interestingly, it was identified that the levels of
antiviral IFN-B and ISG15 decreased with 1,25
(OH), D treatment before influenza A exposure, but
increased by treatment with 1,25 (OH), D after expo-
sure thereby implying 1,25 (OH), D treatment effi-
cacy during viral infection [26]. Vitamin D plays
a vital role in the local respiratory homeostasis by
directly affecting the replication of respiratory
viruses, as shown in in vitro studies. It can also
modulate the balance of Th1/Th2 or Tcl/Tc2
responses or induce the expression of antimicrobial
peptides and also inhibit Th17 cytokine production
[27,28].

Overall, Vitamin D helps in decreasing the
replication of viruses by inducing defensins and
cathelicidins and minimizes the congregation of
pro-inflammatory cytokines that injure the lung
lining by inflammation-causing pneumonia as
well as helping to raise anti-inflammatory cyto-
kines[6].

2.2. Effect of vitamin D on respiratory infections,
including COVID-19

Respiratory infections, including influenza A and B,
parainfluenza 1 and 2, and RSV infections, are pre-
valent in winter. All of these may be sensitive to
antimicrobial peptides, and Vitamin D may play an
essential role in the host’s defense against them. Data
from epidemiological studies have linked a deficiency
of Vitamin D to increased susceptibility to acute viral
respiratory infections[29]. Several human and animal
studies have supported a protective role of high
maternal serum levels of Vitamin D against viral
infection, suggesting that high Vitamin D serum
levels in pregnancy might protect the infant from
developing ARIs or viral-induced wheezing episodes.
Camargo et al. reported high cord blood 25 (OH)
D levels had been associated with a lower risk of
respiratory infection and childhood wheezing[30].
Few studies also observed that increased Vitamin
D plasma levels during the summer might be linked
to a reduced prevalence of viral infections compared
to winter when lower levels of Vitamin D are present
[31]. Newborns who were having with 25 (OH)
D levels higher than 30 ng/ml in cord blood were
six times less likely to develop RSV respiratory infec-
tion in the first year of life as compared in those with
lower than 20 ng/ml 25 (OH) D[32].

In a study conducted between December 2008 and
January 2009 in 743 children (3-15-year-old), it was
observed that low serum 25 (OH) Vitamin D level is
associated with viral respiratory tract infection. At
least one viral respiratory tract infection, which was
confirmed by polymerase reaction from the naso-
pharyngeal specimen, was noted in 1/3 rd of partici-
pants. Serum 25 (OH) D level below 30 ng/ml
(75 nmol/l) increased the risk of viral RTIs by 50%,
and levels below 20 ng/ml (50 nmol/l) increased the
risk by 70%[33]. It was observed that there was
a linear relationship between Vitamin D plasma levels
and respiratory infections; Every 10 nmol/L increase
in 25 (OH) D was associated with a 7% lower risk of
getting ARI, which was self-reported [34]. This asso-
ciation was confirmed in the USA in a large, nation-
ally representative sample. A sample of National
Health and Nutrition Examination Surveys from
2001-2006 involving 14,108 participants showed
that 25 (OH) D levels less than 30 ng/ml were asso-
ciated with having a 58% higher risk of developing
ARI compared with participants with levels greater or
equal to 30 ng/ml[29]. “ The plasma 25 (OH)
D concentration is correlated positively with plasma
cathelicidin concentration. As per several studies
indicate, Vitamin D insufficiency, especially in chil-
dren, is associated with asthma severity, inadequate
control, extreme asthma exacerbations, and hospita-
lizations [35-38].
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Ginde et al. Reported that in individuals with
asthma and COPD, the association between low 25
(OH) D level and the incidence of URTI was stron-
ger; people with circulating 25 (OH) D < 10 ng/ml
always showed a higher risk than people with ade-
quate circulating 25 (OH) D > 30 ng/ml)[39].
According to a study conducted recently in the
USA, a group of older asthmatic adults who pre-
sented with Vitamin D deficiency had an increased
number of hospitalizations and increased morbidity
[40]. “Another study from Connecticut, the USA
involving 195 patients, attempted to determine the
impact of acute viral infections during autumn and
winter in correlation with serum 25 (OH) D levels. It
concluded that having a 25 (OH) D level more than
or equal to 38 ng/ml reduced the infection risk factor
by two folds[41]. A study conducted in the UK on
a group of 6789 adults aged 45-47 concluded that for
every 10 ng/ml increase in 25 (OH) D lowered the
risk of respiratory infections by 7%. [34]

The majority of research available for review sug-
gests that there is an increased risk for respiratory
disease with Vitamin D deficiency. Supplementation
with Vitamin D might improve the course and out-
come of respiratory infections/diseases and provide
benefits in the quality of life in affected patients. It is
reasonably safe to take Vitamin D 1000 IU daily,
which in most people should result in >20 ng/ml
(50 nmol/l) to optimize nonspecific immunity and
also to prevent infection. Cholecalciferol/VitaminD3
is the preferred treatment for the correction of
Vitamin D deficiency due to its longer serum half-
life, lower cost, and higher potency [42,43]. Studies
have shown that 25 (OH) D levels <32 ng/ml has
a positive correlation with baseline antimicrobial
cathelicidin being elevated after patients receive high-
dose ergocalciferol treatment (50,000 IU every
other day for five days)[44]. Based on the available
evidence, the supplementation of Vitamin D could be
recommended for the prevention of viral infections,
but its effectiveness depends on the baseline serum 25
(OH) D levels. It is dangerous to treat those with
elevated 25 (OH) D levels and does not prove to
add any benefit. The decision to initiate supplemen-
tation should include only people with low baseline
plasma levels of 25 (OH) D [9,45,46]. It was also
reported that intermittent high-dose Vitamin
D supplementation does not work as well as a daily
supplementation because of the short circulating half-
life of Vitamin D [47-49]. Most studies correlate an
improved respiratory outcome with maintaining
serum 25 (OH) D levels above 30 ng/ml (75 nmol/
1). Supplementing Vitamin D3 during pregnancy and
infancy reduces visits to primary care for ARIs during
early childhood. More than 462 studies have reported
that preventive Vitamin D supplementation in
healthy children has reduced the risk of respiratory

infection [50,51]. In a group of 167 school children
receiving 1200 IU/day VitaminD3, 10.8% developed
influenza A, which was lower than the placebo group
where 18.3% of children were infected with influenza
A’ In a study conducted by Bergman in adult
patients with antibody deficiency, 4000 IU/d chole-
calciferol reduced symptoms and antibiotic utiliza-
tion[52]. Another study conducted in 5660
individuals with pooled data from 11 randomized
controlled  trials  indicated  that  Vitamin
D supplementation is beneficial in preventing
respiratory tract infections[53].

Since sunlight is a significant source of Vitamin D,
it is plausible to suggest that those who live in the
northern hemisphere are likely to have a Vitamin
D deficiency. As governing bodies enforce stay at
home orders to prevent the spread of COVID-19,
people are further limited to sun exposure[54].
COVID-19 started in December 2019 in Wuhan,
China, and negatively impacted northern mid-
latitude countries, where people tend to have low 25
(OH) D levels during winter months [55,56]. The
activation of Vitamin D in the body is influenced by
Magnesium resulting in phosphate and calcium
homeostasis and is necessary for the growth and
maintenance of bones. Magnesium is required by all
enzymatic reactions occurring in the kidneys and
liver[57]. The recommended dose of Magnesium is
250-500 mg/day and should be taken with
500-1000 mg/day of calcium. The standard recom-
mended dose of Vitamin D is 600-800 IU/daily, but
during the pandemic, 1000-2000 IU/daily in the form
of multivitamin or supplement of Vitamin D is
appropriate[3].

2.3. Conclusion

Vitamin D increases the anti-inflammatory and anti-
viral responses of epithelial cells in the respiratory
system during respiratory viral infections in vitro.
Several studies have been reviewed and showed that
Vitamin D is an active bystander in various infectious
diseases. As per recent studies, the use of daily or
weekly intake of Vitamin D3 supplementation is
highly recommended in the prevention of acute
RTIs, in individuals with Vitamin
D Deficiency. It is also suggested that Vitamin
D should be taken along with Magnesium, as it is
necessary for enzymatic reactions in the body. The
prevalence of SARS CoV-2 in northern countries,
including China, Italy, and the USA in winter
months, correlates with the deficiency of 25 (OH)
D levels.

Results from clinical trials show that supplementa-
tion of Vitamin D in patients with Vitamin
D deficiency helps when exposed to viruses such as
COVID-19, but has no added benefit to those with

severe
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normal or high Vitamin D levels against viruses. Giving
Vitamin D supplements in the autumn and winter
months to patients at high risk could add an extra
level of protection against the development of respira-
tory tract infections, especially during the COVID-19
pandemic. During the pandemic, 1000-2000 IU/daily
in the form of a multivitamin or supplement of
Vitamin D is appropriate. Daily supplementation of
Vitamin D is recommended compared to intermittent
dosing, due to short circulating half-life. Vitamin D can
be an essential adjuvant therapy in treating patients
affected with COVID-19 in Vitamin D deficient indi-
viduals. Due to the highly contagious nature of
COVID-19 and the increased morbidity and mortality
with no appropriate therapy and vaccine, one must be
cautious and do everything to help COVID-19 patients.
In hospitals and other health care settings to decrease
cross-contamination, holding other non-essential med-
ications is taking place. Discontinuing Vitamins could
increase the mortality and morbidity of those affected,
especially in  deficient/insufficient  individuals.
Obtaining serum 25 (OH) D levels in all patients with
viral respiratory infections, especially COVID-19,
could help in the detection and treatment of Vitamin
D deficiency and potentially decrease recovery time
and improve outcome. It is highly essential to review
every medication carefully to treat COVID-19 patients.
In the end, all the clinician’s goal should be, decreasing
patient’s susceptibility, morbidity, and mortality asso-
ciated with SARS-CoV-2. More randomized, multicen-
ter controlled trials are needed to understand better the
dosage, timing, duration, and effectiveness of the
therapy.
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