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KEYWORDS Abstract Although we lack enough evidence to justify supplementing with vitamin D in the
COVID-19: prevention and treatment of COVID-19 infection, it is increasingly feasible that this hypoth-
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esis is valid. Two general underlying mechanisms should be considered. One would be the
anti-infectious and immunomodulatory action that it exerts by improving intercellular barri-
ers by stimulating innate immunity, as well as by modulating adaptive immunity. Also, vitamin
D reduces the production of inflammatory cytokines, such as IL-2 and interferon-gamma (INFvy).
More recently, multiple pleiotropic effects have been demonstrated on the actions of vitamin
D at the anti-inflammatory and immunomodulatory level with positive results in studies with
influenza, coronavirus, and other respiratory infections. An inverse relationship between serum
vitamin D levels and the prevalence of the respiratory infectious disease has been described.
Of interest, another mechanistic approach responds to considering the inhibition of the renin-
angiotensin-aldosterone system (RAAS), which is exacerbated in COVID-19 infection because the
virus binds to the enzyme ACE2, making more angiotensin Il available to cause damage. Vitamin
D inhibits mediators of RAAS - present in all cells of the body - and by inhibiting ACE activ-
ity and increasing ACE2, it lowers angiotensin Il levels. We present studies with proposals for
recommended doses of vitamin D, and although a single guideline is not specified, the possible
benefits are promising. Finally, the purpose of this review is to share this idea with health
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Introduction

professionals to ignite the debate and call for critical reflection, so that it can contribute to
the undertaking of more and better clinical designs to validate the benefits of using high doses
of vitamin D for the benefit of public health and especially in times of crisis for COVID-19.

© 2020 Published by Elsevier Espana, S.L.U. on behalf of Sociedad Espanola de Arteriosclerosis.

El suplemento con altas dosis de vitamina D podria representar una alternativa
promisoria para prevenir o tratar la infeccion por COVID-19

Resumen Si bien carecemos de suficiente evidencia que justifique suplementar con vitamina
D en la prevencion y/o tratamiento de la infeccion por COVID-19, a la fecha resulta cada vez
mas factible que esta hipotesis sea valida. Dos mecanismos basicos generales deberian ser con-
siderados. Uno seria la accion anti-infecciosa e inmuno-moduladora que ejerce mejorando las
barreras intercelulares por estimulo de la inmunidad innata, asi también por modulacion de la
inmunidad adaptativa. También, la vitamina D reduce la produccion de citoquinas inflamatorias
como IL-2 e interferon gamma (INFvy). Mas recientemente se han demostrado multiples efectos
pleiotrdpicos sobre las acciones de vitamina D a nivel anti-inflamatorio e inmuno-modulador.
Esto explica resultados positivos en estudios con influenza, coronavirus y otras infecciones res-
piratorias. Se ha descripto relacion inversa entre niveles séricos de vitamina D y prevalencia de
patologia infecciosa respiratoria. De interés, otro abordaje mecanistico responde a considerar
la inhibicion del sistema renina-angiotensina-aldosterona, que se exacerba en la infeccion por
COVID-19 debido a que el virus se une a la enzima ECA2, quedando disponible mas angiotensina
Il para causar dano. La vitamina D inhibe mediadores del SRAA -presente en todas las célu-
las del organismo-, y por inhibir la actividad ECA y aumentar la ECA2, disminuye los niveles
de angiotensina Il. Presentamos estudios con propuestas de dosis recomendadas de vitamina D
y aunque no quede concretada una Unica guia, los posibles beneficios son promisorios. Final-
mente, el propdsito de la presente revision es compartir esta idea con profesionales de la salud
para encender el debate y llamar a la reflexion critica, de modo tal que se pueda contribuir con
el emprendimiento de disefios clinicos adecuados para validar los beneficios de utilizar altas
dosis de vitamina D en beneficio de la salud pUblica y sobre todo en tiempos de esta emergencia
por COVID-19.

© 2020 Publicado por Elsevier Espana, S.L.U. en nombre de Sociedad Espanola de Arterioscle-
rosis.

ticular, cardiovascular systems, kidneys or even lungs.'
Therefore, the question arises as to their purpose, and a first
approach to an answer would be that they would form part of

In recent months, multiple therapeutic strategies have been
implemented - some scientifically based and others even
empirical- to address the COVID-19 pandemic, including
antiretroviral drugs, steroids, immunomodulators, among
others. Interestingly, the rational basis for empirical treat-
ments is urgency, and the lack of clinical-pharmacological
evidence for COVID-19. However, it is essential to remem-
ber that empiricism highlights the role of experience and
evidence and, therefore, sooner or later constructs rigour
of medical evidence or evidence-based medicine. We still
lack sufficient evidence (some clinical studies) to support
the benefits of deploying high doses of vitamin D in the
population and/or in patients exposed to SARS-CoV-2. How-
ever, the hypothesis appears increasingly close to being
validated.

In fact, it is known that vitamin D receptors (VDR) existed
in very primitive organisms that lacked an appropriate der-
mal system to synthesize their specific ligand, vitamin D.
Also, these organisms lacked devices such as the osteoar-

a complex defence system. VDRs were originally described
inside cells at the cytoplasmic level, but later and of spe-
cial interest, they were also found in some fundamental
organelles such as the mitochondria.?? This novel location
reinforced the notion of non-genomic effects for vitamin D,
especially if we consider that its most well-known actions
(both genomic and non-genomic) are the result of hormone-
receptor interaction at the cytoplasmic level. This binding,
which undergoes regulation, forms a complex transcription
factor which, translocated to the cell nucleus, produces
the modulation of multiple genes mediating phosphocalcic
metabolism.*>

Of note, more than two decades ago, a diversity of
actions was described for vitamin D that included both
those related to phosphocalcic metabolism and other
pleiotropicactions and that included inhibition of cancer
cell proliferation, effects on hormone secretion and sup-
pression of T-cell proliferation, as well as the modulation
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of certain cytokines.® In this regard, more recently it
has been shown that vitamin D and its metabolites are
actively involved in the regulation of innate and adaptive
immune responses, and therefore its deficiency is associ-
ated with a number of autoimmune and allergic infections.”
These findings justify the conjecture regarding evolution-
ary background and support the idea that its primary role
is probably that of cellular and tissue defence through
immune mechanisms and/or regulation of inflammatory pro-
cesses. In addition, evolution also enabled it to interact with
other systems that are fundamental to the maintenance of
cellular homeostasis. Thus, vitamin D opposes and/or mod-
ulates the signalling pathways of another ancient system,
the renin-angiotensin-aldosterone system (RAAS), which is
characterised by regulating the internal environment and
haemodynamics in superior organisms, but which, of central
interest to this review, also functions as a complex pro-
inflammatory system." Therefore, it is no coincidence that
most mammalian cells express both VDRs and RAAS recep-
tors and enzymes. Vitamin D, its metabolites and receptors
on the one hand, and the RAAS on the other, would represent
two sides of the same coin - the maintenance of the delicate
balance of cell defence - as mediators of pro-inflammatory
and anti-inflammatory processes.

In parallel to the existence of VDRs in almost all the
cells of the organism, and not only at renal level, the
presence of the 1-a-hydroxylase enzyme has also been
demonstrated, suggesting a certain independence between
circulating vitamin D levels with respect to intracellular
levels.® This concept complicates the understanding of the
diagnostic/prognostic value of circulating vitamin D tests
and its possible involvement in diseases not classically
related to vitamin D such as cancer, multiple sclerosis and
pre-eclampsia, among others.’

Actions of vitamin D linked to the axis of
infection, inflammation, immune response
and target organ injury

Vitamin D as an anti-infective and
immunomodulating hormone

As previously mentioned, vitamin D can decrease the risk
of infection by various mechanisms, which include partici-
pating in the integrity of a physical barrier and enhancing
innate cellular and/or adaptive immunity.'°

The barrier effect would be exerted through the stim-
ulation of protein-coding genes related to cell integrity
and junctions such as occludin (tight junctions), connexin
43 (gap junctions) and E-cadherin (adherens junctions).'
Here, it should be clarified that viruses generally alter the
integrity of these barriers, which increases their degree of
infectivity,”” and therefore the activity demonstrated for
vitamin D of maintaining cell barrier integrity is promis-
ing.

Furthermore, and in relation to the immune system itself,
it has been established that cells specialising in defence
such as macrophages, monocytes, dendritic cells, T and
B lymphocytes express VDRs and enzymes for the synthe-
sis of vitamin D.'®'* The stimulus that vitamin D exerts

on innate cell immunity takes place through the induc-
tion of antimicrobial peptides such as cathelicidin and
B-defensin-2. Cathelicidin alters the membranes and acts
on bacteria, viruses, fungi and even the Koch bacillus; in
addition, it helps to reduce the so-called ¢ytokine stormthat
occurs in severe viral infections such as those described for
COVID-19," inhibiting the production of pro-inflammatory
cytokines from Th1 cells such as tumour necrosis factor-
alpha (TNF-a) and gamma interferon (INF-v).'® The human
B-defensin-2 peptide, in turn, is produced by epithelial
cells and has powerful antimicrobial activity against gram-
negative bacteria and Candida, which leads us to postulate
that B-defensin-2 could contribute to reduce the frequency
of skin infections and -of interest for this review- lung tissue
infections."’

In relation to vitamin D and its action on adaptive
immunity, this is exerted by suppressing the responses
mediated by type 1 helper cells (Th1), reducing the pro-
duction of pro-inflammatory cytokines such as interleukin-2
(IL-2) and INF-v."® It also promotes the production of anti-
inflammatory cytokines by Th2 cells, collaborating with Th1
inhibition, and regulatory T cell induction.

Considering the above, it is worth mentioning that mul-
tiple studies have been able to demonstrate that people
with chronic diseases have lower levels of vitamin D in
relation to healthy subjects. It has even been discussed
whether deficiency is a cause or a consequence of these
conditions (vitamin D can be taken in its defensive role
against injury). However, what is compelling in light of
the evidence is that there is a strong association between
deficiency and the presence of diseases non-classical for
the spectrum of vitamin D. Studies of supplementation
against placebo are scarce and most are conducted with
low doses, over short periods of time, or in healthy sub-
jects with normal vitamin D levels. These designs could
barely establish benefits, while, as was to be expected,
they demonstrated no difference and/or benefit when com-
paring individuals with similar conditions.’®?* However, an
inverse relationship has been reported between vitamin D
status and the onset of various viral diseases (dengue, hep-
atitis, herpes virus, influenza, respiratory syncytial virus,
rotavirus, upper respiratory tract infections, enteric, uri-
nary, pneumonia, otitis media, vaginitis, sepsis, hepatitis
and HIV.?!

Vitamin D and viral infections

Flu (seasonal influenza)

The influenza virus affects the respiratory tract by direct
viral infection or by damage to immune system response.
In addition, one-third of hospitalized patients with con-
firmed influenza have been reported to develop pneumonia,
and this more prevalent in children and the elderly, or
in chronic lung, heart, immunocompromised patients and
smokers.?? It is known that survival of the virus is higher in
seasons with low temperatures, but it has also been sug-
gested that the increased incidence in winter may also be
due to lower solar radiation and therefore to lower vita-
min D levels.”? Then, and as a result of a poor level of
vitamin D, fewer endogenous peptides with antibiotic prop-
erties (defensins and cathelicidins) would be synthesized
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such as those previously mentioned. In this regard, catheli-
cidin production is dose-dependent on the level of vitamin
D. More specifically, 30ng/mL of vitamin D was estab-
lished as the minimum required for optimal cathelicidin
induction.?* This same level of vitamin D was established as
a cut-off value (Third National Health and Nutrition Exam-
ination Survey) for lower incidence of upper respiratory
infections.?®

Later, in 2018, the role of vitamin D in influenza was
reviewed and as a result of analysis in studies of supple-
mentation versus placebo, using different methodologies
and dosages, positive results were established in most.?¢-%8
In addition, the GrassrootsHealth study, based on question-
naires to 12,605 participants comparing the presence or
absence of influenza syndrome in the last 6 months and vita-
min D measurement, established that individuals with levels
in the order of 60ng/mL of vitamin D or higher had a 43%
lower risk of diseases such as influenza compared to those
with levels equal to or lower than 20ng/mL (p <.0001).%°
(https://www.grassrootshealth.net/project/our-
scientists/).

Coronavirus infections

Viruses such as influenza and coronavirus cause infections
especially in winter, which can be particularly severe and
even fatal due to pneumonia. Thus, during the current
COVID-19 pandemic, a promising hypothesis has been postu-
lated about increased caseloads and deaths in regions where
average vitamin D levels are low.*° In line with this, dur-
ing the Chinese winter fatal cases were higher at older ages
(14.8% for individuals aged 80 or more), more in men than in
women (2.8% vs. 1.7%) and more frequent with comorbidities
(in older age, more chronic diseases).

But there are also other variables of interest for analy-
sis, such as ethnicity. Currently the morbidity and mortality
rates for COVID-19 in African-American or black individu-
als are the highest in many parts of the world. Specifically,
a survey of the US community and Johns Hopkins Univer-
sity indicated that the infection rate is more than triple and
the mortality rate is 6 times higher in predominantly black
counties than in predominantly white counties.?' It should
be noted that while this finding may be due to multiple con-
founding factors, such as the socioeconomic variable, the
objective data that African Americans had low serum levels
of vitamin D relative to the white population is undeniable. >
It is noteworthy that within the African-American ethnic
group, more cases were established in states with less sun
exposure and with colder weather.

The line of reasoning, therefore, leads us to conclude
that in all cases with low or very low levels of vitamin D,
the mechanisms will be favoured by which viruses such as
influenza and coronavirus can more easily alter the lung
epithelium through increased production of Th1 cytokines
as part of the innate immune response to the viral infec-
tion itself.® Similarly, low levels of vitamin D would favour
the release of INF-y,'® ultimately being responsible for
damage in the late phase of SARS-CoV-2.%* Here the so-
called cytokine storm; favoured by vitamin D deficiency,
will further complicate these viral infections, as reported
for COVID-19, where Th2 cytokine bursts (IL-4 and IL-10)
occur.’®

Despite recent findings on possible antiviral effects of
vitamin D, in-depth understanding of its complex mecha-
nisms is still poor. This is due to the intricate relationship
established between viral infections and vitamin D, which
includes, among other factors, induction of antiviral status,
immunoregulatory functional characteristics, interaction
with cellular and viral factors, autophagy and apoptosis
induction, genetic and epigenetic alterations. It seems that
vitamin D interferes in a transitory way in the viral intracel-
lular signalling pathways, causing an essential modulating
effect in viral gene transcription.?!

Anti-inflammatory and antioxidant actions of vitamin D
at lung level

Lung epithelial cells have high expression of the 1-
a-hydroxylase enzyme, which allows local synthesis of
1,25-dihydroxyvitamin D, the most active form of vitamin D,
also called calcitriol. Calcitriol inhibits the production and
secretion of many cytokines from bronchial smooth muscle
cells, such as platelet-derived growth factor, RANTES (reg-
ulated on activation, normal T cell expressed and secreted)
and matrix metalloproteinases, leading to a reduction in
proliferation and inflammation in lung smooth muscle cells.
Vitamin D stimulates the synthesis of IL-10 by CD4+, CD25+,
Foxp3+ and T-regulatory cells. At the same time, it inhibits
the activation of dendritic cells by negatively regulating the
expression of CD80/86 and CD40. Furthermore, and as pre-
viously mentioned, vitamin D stimulates the expression of
cathelicidin and many other anti-infectious molecules.**3*

Supplementation with 1,25-dihydroxyvitamin D sup-
presses the recruitment of eosinophils and lymphocytes in
the airways, decreases the production of IL-4 from the T
cells and inhibits the migration of T cells by attenuating
the inflammatory response.* It also works as an adjuvant to
other therapies, such as allergen immunotherapy.?” Simul-
taneous administration of vitamin D and dexamethasone in
steroid-resistant asthma patients increased IL-10 synthesis
to levels similar to those found in steroid-sensitive patients
treated with dexamethasone alone.?®

Significant reductions in serum IgE and eotaxin levels
have also been described in an asthma model by treat-
ment with vitamin D.?° In addition, airway infiltration of
inflammatory cells, serum levels of IL-6, TNF-a and IL-1B,
as well as expression of apoptotic protein associated with
Bcl2, caspase-3, TLR4, NF-«B and phosphorylated NF-xB
p65 were reduced. Thus, vitamin D raised serum levels of
IL-10, reducing the inflammatory and apoptotic response
in that asthmatic mouse model.”° Of interest, vitamin D
suppressed the synthesis of 8-isoprostane (8-iso), IL-6 and
granulocyte colony-stimulating factor and macrophages in
human bronchial epithelial cells exposed to contaminating
particles. In addition, it increased expression of the antioxi-
dant pathway gene G6PD and levels of oxidised glutathione,
and therefore it is inferred that vitamin D appears to pro-
tect the lungs and airways in asthmatic pathology through
its anti-inflammatory and antioxidant effects.*'

In a murine model of bleomycin-induced lung inflam-
mation, calcitriol reduced early lung inflammation by
attenuating immune cell infiltration, suppressing inflam-
matory cytokine secretion, blocking nuclear translocation
of nuclear factor kappa B (NF-«B) p65, inhibiting phos-
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phorylation of pulmonary p38 MAPK and protein kinase B
(Akt), attenuating alpha-smooth muscle actin (a marker
for epithelial-mesenchymal transition in the lungs, which
promotes fibrosis), and decreased phosphorylation of trans-
forming growth factor beta 1 (TGF-B1) regulated by
augmentation and Smad.”? Calcitriol also caused a 40%
reduction in neutrophil recruitment to the lungs in an acute
lung injury animal model. This anti-inflammatory effect of
vitamin D could be mediated by inhibition of IL-8 secretion
at the pulmonary level.®

The administration of vitamin D to neonatal rats with
hyperoxia-induced lung injury (as a model of bronchopul-
monary dysplasia) caused attenuation of this injury through
several protective actions, such as preserving the integrity
of the lung structure, decreasing inflammation by neg-
atively regulating TLR4 activation, reducing extracellular
matrix deposition and inhibiting lung cell apoptosis.* Vita-
min D has also been shown to have immunomodulatory
and anti-inflammatory effects in the treatment of cystic
fibrosis of the respiratory tract by reducing the expression
of CD279 (PD-1) on CD4+ and CD8+T cells. In addition,
vitamin D decreased the frequency of CD8+ and mucosa-
associated invariant T cells that co-express CD38 and
human leucocyte antigen D activation markers. Therefore,
treatment with vitamin D would prevent the progres-
sion of lung damage associated with cystic fibrosis of the
airways.*

Oxidative stress caused by tobacco smoke worsens
the progression of chronic obstructive pulmonary disease
(COPD). In this regard, vitamin D has also been proposed
as a natural anti-inflammatory and antioxidant capable of
improving the prognosis of this lung disease in patients who
smoke.“® In fact, it has been observed that COPD patients
have lower plasma levels of vitamin D than healthy patients,
suggesting a possible correlation between poor antioxidant
defence and the development of this lung disease.”’ Of
central interest to this review paper, some years ago our
group raised for discussion a global pandemic of vitamin
D deficiency as a possible explanation for the high cellu-
lar inflammatory activity induced by the RAAS." The original
discussion involved a significant number of diseases, mainly
cardiovascular, but all with a similar inflammatory basis.
Now, with the focus on acute lung inflammation caused
by COVID-19, the Irish Longitudinal Study on Ageing (TILDA
2020) reinforces the idea that appropriate supplementation
of vitamin D, especially in older people, may be bene-
ficial to the population of vulnerable groups during this
COVID-19 pandemic.”® In this sense, vitamin D inhibits Skp2
protein, which plays a central role in the viral replica-
tion mechanism of COVID19* and uses autophagy blockage
for its accelerated replication and infectivity. The virus
induces the abovementioned Skp2, which in turn inactivates
Beclin-1, an essential component of the autophagy process

(Fig. 1).

Vitamin D, COVID-19 and the RAAS

Coronavirus infection produces a high risk of complications
and mortality in the elderly, hypertensive, diabetic or
patients suffering from previous heart or lung diseases.
Initial reports of patient progress in China, where the epi-

demic first broke out, showed that patients with these
clinical conditions had three to four times more respiratory
complications, hospitalisations, and mortality than those
without such preliminary conditions.>®>'

One of the most frequent complications is high blood
pressure, and as a relevant risk factor it led to various spec-
ulations. In this regard, and with results from the basic
sciences, it was hypothesized that drugs that block the
RAAS (angiotensin converting enzyme inhibitors [ACEi] and
angiotensin Il receptor blockers [ARB]) could increase the
risk for patients with COVID-19. This would be based on their
mechanism of action, which would increase the production
of angiotensin converting enzyme 2 (ACE2).°? Experimental
work showed that the use of these drugs increases levels
of ACE2.5® ACE2 is the receptor to which the coronaviruses,
both SARS-CoV and SARS-CoV-2 (COVID-19), bind to enter the
cell.>*> The hypothesis raised by the authors and restated
in a more recent editorial letter is that increased ACE2 could
increase viral load, which in turn would explain the increase
in morbidity and mortality.

This hypothesis did not prosper, among other reasons,
because the first reports from China did not state whether
infected patients receiving ACEi or ARBs had poorer clinical
outcomes. In fact, to date there is a lack of data showing a
causal relationship between increased ACE2 and increased
mortality from COVID-19. Available studies do not describe
whether patients were receiving ACE inhibitors or ARBs, and
only indirect information suggests that approximately 33%
of them were on such treatments. Nor has it been shown
that hypertension, and even diabetes, were independent
predictors of risk.>¢

The international scientific societies very judiciously
agreed that there is no evidence to suggest that RAAS
blockage treatments should be modified, and therefore it is
accepted that discontinuing treatment carries an extremely
high risk. In fact, there is evidence to the contrary, and it
validates the decision of these societies. In fact, hyperten-
sive patients hospitalized due to COVID-19 were studied,
and the use of ACE inhibitors/ARBs was associated with a
lower risk of all-cause mortality compared to patients not
treated with ACE inhibitors/ARBs. The authors acknowledge
that interpretation of the study should take into account
possible confounding factors; however, they conclude that
the use of ACE inhibitors/ARBs is unlikely to be associ-
ated with a higher risk of mortality in COVID-19 positive
patients.®’

In contrast to the hypothesis of not using ACEi/ARBs
in hypertensives, other authors have proposed a different
approach. Here the hypothesis would be a possible protec-
tive action of RAAS blockers in COVID-19 infection.>® > Along
these lines, two clinical trials, not yet initiated, have been
registered to evaluate the action of losartan in the course
of viral infection (# NCT04312009 and # NCT04311177 Clini-
caltrials.gov).

The hypothesis on the usefulness of RAAS blockers also
stems from the mechanics used by the virus to enter the
cell via ACE2 receptors and the concomitant reduction
in intracellular levels of ACE2. ACE2, unlike the classical
angiotensin converting enzyme (ACE), degrades angiotensin
2 so that the virus-induced reduction exacerbates the
pathogenic action of the higher concentration of angiotensin
2 in the lung.®® ACE2 levels exert a protective action on
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the lung parenchyma. In this respect, there is evidence
that high levels of ACE2 at the level of the lung tissue are
relevant in the defence process against respiratory viral
infections. The mechanism identified would be that ACE2
decreases the massive release of cytokines and the con-
sequent inflammatory infiltration that leads to the known
serious respiratory complications.®” Therefore, the initial
suggestion to discontinue RAAS blockers may be a coun-
terproductive strategy for patient outcome, not only by
destabilizing their blood pressure levels at a complex clin-
ical time but also through the possible risk of eliminating
the protective factor of increased ACE2 in COVID-19-induced
lung pathogenesis.

There is another way of counteracting the consequent
elevation of the RAAS, especially by inducing ACE2. This can
be achieved by administering appropriate doses of vitamin
D. Higher levels of either element are inversely associated
with lower levels of the other. There is ample evidence that
administration of vitamin D attenuates RAAS activity at the
circulating level, but significantly more so at the tissue and
intracellular level." Thus, vitamin D would block the inflam-
matory cascade by reducing activity of the RAAS.¢?

Vitamin D reduces the activity of ACE and increases the
activity of ACE2, which has a protective effect at the lung
level, restoring the balance of ACE2. This restoration of
balance mediated by vitamin D has been key in reducing
respiratory events in experimental models.®* Low levels of
vitamin D are associated with an increase in respiratory
infections. In controlled clinical trials the administration
of vitamin D has also demonstrated a protective effect on
infections in healthy subjects and patients with chronic
obstructive pulmonary disease (COPD).26-64-¢7

Of particular interest, different trials on the subject
have been published, and systematic reviews through
meta-analyses. Most of them report benefits in redu-
cing respiratory conditions, and several used vitamin D
supplements.®®-77 Potential benefits have also recently been
reported in dengue virus infections78,79 (Fig. 1).

Suggested behaviours according to vitamin D
levels

In this respect, it has been shown that the degree of protec-
tion against infection increases as vitamin D levels increase,
but this relationship has not yet allowed an adequate cut-
off level to be set. However, an observational study reported
that values of 38 ng/mL are appropriate to decrease the risk
of acute viral respiratory infections.® On the other hand,
some authors suggest maintaining a vitamin D level of at
least 30ng/mL or even keeping it in a range between 40
and 60ng/mL to reduce infectious processes. Thus, it was
possible to establish that post-surgical in-hospital infections
were three times higher with vitamin D levels lower than
30ng/mL,%" and that these infections decreased by 33% for
each 10ng/mL increase in vitamin D levels.®

According to the medical evidence, routine clinical
behaviour suggests that in the case of a severe vita-
min D deficiency there should be a two-stage therapeutic
approach: first using a high loading dose and then a lower

maintenance dose.®* In this regard, a so-called loading
doseof vitamin D has been reported in order to reach a
target level where a plasma concentration of vitamin D of
30ng/mL can be achieved using different dosage regimens
(daily, weekly, fortnightly, monthly). Of interest, in patients
with elevated inflammatory markers, such as the obese, it
has been established that the necessary intake should be 2
to 3 times higher than that established for the general popu-
lation, and at least 1.5 times higher for the overweight than
the general population.®*

The current emerging circumstances of the COVID-19
pandemic require scientifically/rationally based and even,
as previously mentioned, empirical therapeutic behaviours.
As for what we know about vitamin D, its protagonism
remains modest, but we are gradually gaining more data to
support it as an adjuvant strategy in an attempt to achieve
rapid and effective protection against the risk of infection
by SARS-CoV-2. In this sense, there are different positions,
such as daily doses over a short time, or the use of an ini-
tial loading dose followed by high doses of vitamin D for a
short period of time, allowing in each case, and in times of
pandemic, the achievement of concentrations within appro-
priate ranges of between 30 and 50ng/mL or higher. More
specifically, strategies have been proposed, such as that sug-
gested by Grant et al.,*® with a dose of 10.000 IU/day for
one month in order to reach the target of levels between 40
and 60 ng/mL rapidly, and then continue with 5.000 IU/day
for a few more weeks.

The proposed level of high doses is striking, as it dismisses
possible toxic effects; however, studies show that a dose
of 10,000 IU/day for 4-6 weeks is free of adverse effects.
In detail, Amir et al.?®> found this in Canadian women with
breast cancer and bone metastases. Similarly, the research
team led by Dr Holick® - one of the leading groups in studies
with vitamin D - supplemented cancer patients with high
doses of vitamin D and did not establish toxicity; instead,
it improved the intestinal microbiota of treated patients.
The same group worked with 10,000 IU/daily for 6 months
- without causing hypercalcaemia - and achieved vitamin D
levels in the order of 78.6 + 13 ng/mL.%’

Psychiatric patients were also treated at a hospital in
Cincinnati, Ohio, with doses of 5,000 or 50,000 IU/day for
16 months, and as a result they found no adverse effects; it
was only recommended that if the patient was also receiving
calcium supplementation, the dose of calcium should not be
high so as to minimize the risk of hypercalcaemia.®

The stakes are higher in other papers with initial dose
proposals of 100,000 IU if serum concentrations of 20 ng/mL
are desired, initial dose of 300,000 IU if concentrations of
30ng/mL are desired, and even initial doses of 500,000 IU
have been suggested in healthy adults.?%%

As a corollary, Dr Alipio®" has just published results that
provide substantial information for physicians and health
policy makers. To be specific, he concludes that vita-
min D supplementation improves the clinical outcomes of
patients infected with COVID-19 based on the increased
likelihood of a mild outcome when the serum level of
vitamin D is increased, while a decrease in serum lev-
els of vitamin D is associated with a poorer clinical
outcome.
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Conclusions and perspectives

As a result, and in the face of this devastating epidemic
for which effective treatments are still lacking, this review
compiles and proposes examining the potentially protective
effect of high daily doses of vitamin D to rapidly increase
blood and tissue levels, with the aim of countering overload-
ing of the RAAS and thus improve the course of COVID-19
infection, its respiratory complications (Fig. 1) and even
complications involving other organs. The purpose is to open
and create an appropriate debate on the behaviour of indi-
cating vitamin D for the general population, particularly to
those most exposed, and as mentioned, to achieve increased
serum and tissue levels to counteract the imbalance of some
of the components of the RAAS and also manifest its own
anti-inflammatory effects (Fig. 1).

We believe that this strategy at a population level could
provide another weapon in the armoury against the virus
and with no adverse effects, as demonstrated in the review
of more than 76,000 patients included in controlled trials
with vitamin D intake. Therefore, a dose to obtain rapid
increases in plasma levels of vitamin D could be between
5,000 and/or 10,000 IU daily, or from 50,000 to 100,000 IU
per week.’? Given the tentative nature of the proposed dose,
the use of lower doses in children or young adults at low risk
of exposure to the virus could be considered. In this regard,
our working group is making progress in the development of
controlled protocols with different populations of people at
risk or already infected, evaluating physiological parameters
and clinical events. We accept that this intervention does
not claim to eliminate the virus; however, its potential to
make viral entry more difficult and, if it has taken place,
to improve patient outcomes is promising. In other words,
vitamin D intake could improve the conditions of patients to
place them in a better position to cope with and increase
their chances against COVID-19 and even other equivalent
infectious conditions.

As described above, we believe that the recommenda-
tion is supported by multiple reports. On the same lines,
Grant el al.”® very recently proposed raising serum concen-
trations through vitamin D supplementation and claim that
this could reduce the incidence, severity and risk of death
from influenza, pneumonia and the current COVID-19 epi-
demic. Moreover, Rhodes et al.?* proposed supplementation
with vitamin D at least for those in the northern hemisphere
who are most at risk of severe illness and death. The UK
Association of Dieticians® and editorials in international sci-
entific journals make the same recommendation.

Finally, the purpose of sharing this idea with health pro-
fessionals is to quickly ignite debate and call for critical
reflection so that we can contribute towards conducting
more and better clinical designs without delay to validate
this hypothesis for the benefit of public health and especially
during this COVID-19 emergency.

Funding

This work was funded by grants from the Council of Research
and Technology of the University of Cuyo (SECyT), Mendoza,
Argentina, and from ANPCyT FONCyT, both awarded to Wal-
ter Manucha. Scholarship No. PICT 2016-4541.

Authorship

All authors contributed equally to the conception and design
of the review, with substantial input on data, analysis and
interpretation of content, the drafting and critical review
of the article for intellectual content.

Conflict of interests

The authors have no conflict of interests to declare.

References

1. Ferder M, Inserra F, Manucha W, Ferder L. The world pan-
demic of vitamin D deficiency could possibly be explained
by cellular inflammatory response activity induced by the
renin-angiotensin system. Am J Physiol Cell Physiol. 2013;304,
http://dx.doi.org/10.1152/ajpcell.00403.2011. C1027-1039.

2. Garcia IM, Altamirano L, Mazzei L, Fornés M, Molina MN,
Ferder L, et al. Role of mitochondria in paricalcitol-
mediated cytoprotection during obstructive nephropathy.
Am J Physiol Renal Physiol. 2012;302, http://dx.doi.
org/10.1152/ajprenal.00617.2011. F1595-1605.

3. Silvagno F, De Vivo E, Attanasio A, Gallo V, Mazzucco
G, Pescarmona G. Mitochondrial localization of vita-
min D receptor in human platelets and differentiated
megakaryocytes. PLos One. 2010;5:e8670, http://dx.doi.org/
10.1371/journal.pone.0008670.

4, Perret C, Colnot S, Romagnolo B, Thomasset M. Control of
nuclear transcription of vitamin D-dependent genes by vitamin
D. Curr Opin Nephrol Hypertens. 1997;6:314-20.

5. Macova L, Bicikova M, Hampl R. Impaired vitamin D sensitivity.
Physiol Res. 2018;67:5391-400.

6. Christakos S, Raval-Pandya M, Wernyj RP, Yang W. Genomic
mechanisms involved in the pleiotropic actions of 1,25-
dihydroxyvitamin D3. Biochem J. 1996;316:361-71.

7. Trochoutsou Al, Kloukina V, Samitas K, Xanthou G.
Vitamin-D in the immune system: genomic and non-
genomic  actions. Mini Rev Med Chem. 2015;15:
953-63.

8. Jones G. Expanding role for vitamin D in chronic kidney dis-
ease: importance of blood 25-OH-D levels and extra-renal
1alpha-hydroxylase in the classical and nonclassical actions
of 1alpha,25-dihydroxyvitamin D(3). Semin Dial. 2007;20:
316-24.

9. Grant WB. An estimate of the global reduction in mortal-
ity rates through doubling vitamin D levels. Eur J Clin Nutr.
2011;65:1016-26, http://dx.doi.org/10.1038/ejcn.2011.68.

10. Rondanelli M, Miccono A, Lamburghini S, Avanzato |, Riva A,
Allegrini P, et al. Self-care for common colds: the pivotal
role of vitamin D, vitamin C, zinc, and echinacea in three
main immune interactive clusters (physical barriers, innate
and adaptive immunity) involved during an episode of common
colds-practical advice on dosages and on the time to take these
nutrients/botanicals in order to prevent or treat common colds.
Evid Based Complement Alternat Med. 2018;2018:5813095,
http://dx.doi.org/10.1155/2018/5813095.

11. Schwalfenberg GK. A review of the critical role of vitamin
D in the functioning of the immune system and the clini-
cal implications of vitamin D deficiency. Mol Nutr Food Res.
2011;55:96-108, http://dx.doi.org/10.1002/mnfr.201000174.

12. Kast JI, McFarlane AJ, Globinska A, Sokolowska M, Wawrzyniak
P, Sanak M, et al. Respiratory syncytial virus infection influences
tight junction integrity. Clin Exp Immunol. 2017;190:351-9,
http://dx.doi.org/10.1111/cei.13042.


dx.doi.org/10.1152/ajpcell.00403.2011
dx.doi.org/10.1152/ajprenal.00617.2011
dx.doi.org/10.1152/ajprenal.00617.2011
dx.doi.org/10.1371/journal.pone.0008670
dx.doi.org/10.1371/journal.pone.0008670
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0020
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0025
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0030
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0035
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0040
dx.doi.org/10.1038/ejcn.2011.68
dx.doi.org/10.1155/2018/5813095
dx.doi.org/10.1002/mnfr.201000174
dx.doi.org/10.1111/cei.13042

Vitamin D high doses supplementation could represent a promising alternative

275

13.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

. Sharifi A, Vahedi

. Schroder JM, Harder J.

Mora JR, Iwata M, von Andrian UH. Vitamin effects on the
immune system: vitamins A and D take centre stage. Nat Rev
Immunol. 2008;8:685-98, http://dx.doi.org/10.1038/nri2378.

. Van Belle TL, Gysemans C, Mathieu C. Vitamin D in autoim-

mune, infectious and allergic diseases: a vital player?
Best Pract Res Clin Endocrinol Metab. 2011;25:617-32,
http://dx.doi.org/10.1016/j.beem.2011.04.009.

. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clini-

cal features of patients infected with 2019 novel coronavirus
in Wuhan, China. Lancet. 2020;395:497-506, http://dx.doi.
org/10.1016/50140-6736(20)30183-5.

H, Nedjat S, Rafiei H, Hosseinzadeh-
Attar MJ. Effect of single dose injection of vitamin D
on immune cytokines in ulcerative colitis patients: a ran-
domized placebo-controlled trial. APMIS. 2019;127:681-7,
http://dx.doi.org/10.1111/apm.12982.

Human beta-defensin-2. Int J
Biochem Cell Biol. 1999;31:645-51, http://dx.doi.org/10.
1016/51357-2725(99)00013-8.

. Lemire JM, Adams JS, Kermani-Arab V, Bakke AC, Sakai

R, Jordan SC. 1,25-Dihydroxyvitamin D3 suppresses human
T helper/inducer lymphocyte activity in vitro. J Immunol.
1985;134:3032-5.

. Manson JE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S,

et al. Vitamin D supplements and prevention of cancer and
cardiovascular disease. N Engl J Med. 2019;380:33-44.

Pittas AG, Dawson-Hughes B, Sheehan P, Ware JH, Knowler WC,
Aroda VR, et al. Vitamin D supplementation and prevention of
type 2 diabetes. N Engl J Med. 2019;381:520-30.
Teymoori-Rad M, Shokri F, Salimi V, Marashi SM. The inter-
play between vitamin D and viral infections. Rev Med Virol.
2019;29:€2032, http://dx.doi.org/10.1002/rmv.2032.

Kalil AC, Thomas PG. Influenza virus-related critical illness:
pathophysiology and epidemiology. Crit Care. 2019;23:258,
http://dx.doi.org/10.1186/s13054-019-2539-x.

Cannell JJ, Vieth R, Umhau JC, Holick MF, Grant WB,
Madronich S, et al. Epidemic influenza and vitamin
D. Epidemiol Infect. 2006;134:1129-40, http://dx.doi.
org/10.1017/50950268806007175.

Lang PO, Samaras D. Aging adults and seasonal influenza:
does the vitamin d status (h)arm the body? J Aging Res.
2012;2012:806198, http://dx.doi.org/10.1155/2012/806198.
Ginde AA, Mansbach JM, Camargo CA Jr. Association between
serum 25-hydroxyvitamin D level and upper respiratory
tract infection in the Third National Health and Nutri-
tion Examination Survey. Arch Intern Med. 2009;169:384-90,
http://dx.doi.org/10.1001/archinternmed.2008.560.
Gruber-Bzura BM. Vitamin D and Influenza-Prevention
or Therapy? Int J Mol Sci. 2018;19, http://dx.doi.
org/10.3390/ijms19082419.

Urashima M, Segawa T, Okazaki M, Kurihara M, Wada
Y, Ida H. Randomized trial of vitamin D supplementa-
tion to prevent seasonal influenza A in schoolchildren.
Am J Clin Nutr. 2010;91:1255-60, http://dx.doi.org/10.
3945/ajcn.2009.29094.

Arihiro S, Nakashima A, Matsuoka M, Suto S, Uchiyama K, Kato
T, et al. Randomized trial of vitamin D supplementation to
prevent seasonal influenza and upper respiratory infection in
patients with inflammatory bowel disease. Inflamm Bowel Dis.
2019;25:1088-95, http://dx.doi.org/10.1093/ibd/izy346.
https://www.grassrootshealth.net/project/our-scientists/.
Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB,
Aliano JL, et al. Evidence that vitamin D supplementation could
reduce risk of influenza and COVID-19 infections and deaths.
Nutrients. 2020;12, http://dx.doi.org/10.3390/nu12040988,
pii: E988.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44,

45.

46.

47.

Yancy CW. COVID-19 and African Americans. JAMA. 2020,
http://dx.doi.org/10.1001/jama.2020.6548.

Bodnar LM, Simhan HN, Powers RW, Frank MP, Cooperstein E,
Roberts JM. High prevalence of vitamin D insufficiency in black
and white pregnant women residing in the northern United
States and their neonates. J Nutr. 2007;137:447-52.

Theron M, Huang KJ, Chen YW, Liu CC, Lei HY. A
probable role for IFN gamma in the development of a
lung immunopathology in SARS. Cytokine. 2005;32:30-8,
http://dx.doi.org/10.1016/j.cyto.2005.07.007.

Sandhu MS, Casale TB. The role of vitamin D in
asthma. Ann Allergy Asthma Immunol. 2010;105:191-9,
http://dx.doi.org/10.1016/j.anai.2010.01.013.

Chen WW, Cai XX, Tian WM, Shang YX. Expression of RANTES in
the lung tissue of asthmatic rats, and the intervention effect of
vitamin D on RANTES expression. Zhongguo Dang Dai Er Ke Za
Zhi. 2012;14:863-8.

Topilski I, Flaishon L, Naveh Y, Harmelin A, Levo Y, Shachar I.
The anti-inflammatory effects of 1,25-dihydroxyvitamin D3 on
Th2 cells in vivo are due in part to the control of integrin-
mediated T lymphocyte homing. Eur J Immunol. 2004;34,
http://dx.doi.org/10.1002/eji.200324532, 1068e76.

Taher YA, van Esch BCAM, Hofman GA, Henricks PAJ, van Ooster-
hout AJM. 1a,25-Dihydroxyvitamin D3 potentiates the beneficial
effects of allergen immunotherapy in a mouse model of aller-
gic asthma: role for IL-10 and TGFbeta. J Immunol. 2008;180,
http://dx.doi.org/10.4049/jimmunol.180.8.5211, 5211e21.
Xystrakis E, Kusumakar S, Boswell S, Peek E, Urry Z, Richards DF,
et al. Reversing the defective induction of IL-10-secreting regu-
latory T cells in glucocorticoid-resistant asthma patients. J Clin
Invest. 2006;116:146€55, http://dx.doi.org/10.1172/JCI21759.
Tian WM, Yang YG, Shang YX, Cai XX, Chen WW, Zhang H. Role of
1,25-dihydroxyvitamin D3 in the treatment of asthma. Eur Rev
Med Pharmacol Sci. 2014;18:1762-9.

Zhang H, Yang N, Wang T, Dai B, Shang Y. Vitamin D
reduces inflammatory response in asthmatic mice through
HMGB1/TLR4/NF kB signaling pathway. Mol Med Rep.
2018;17:2915-20, http://dx.doi.org/10.3892/mmr.2017.8216.
Pfeffer PE, Lu H, Mann EH, Chen YH, Ho TR, Cousins
DJ, et al. Effects of vitamin D on inflammatory and
oxidative stress responses of human bronchial epithelial
cells exposed to particulate matter. PLoS One. 2018;13,
http://dx.doi.org/10.1371/journal.pone.0200040, e0200040.
Tan ZX, Chen YH, Xu S, Qin HY, Zhang C, Zhao H, et al.

Calcitriol inhibits bleomycin-induced early pulmonary
inflammatory response and epithelial-mesenchymal
transition in mice. Toxicol. Lett. 2016;240:161-71,

http://dx.doi.org/10.1016/j.toxlet.2015.10.022.

Takano Y, Mitsuhashi H, Ueno K. 1a,25-Dihydroxyvitamin
D3 inhibits neutrophil recruitment in hamster model
of acute lung injury.  Steroids.  2011;76:1305-9,
http://dx.doi.org/10.1016/j.steroids.2011.06.009.

Yao L, Shi Y, Zhao X, Hou A, Xing Y, Fu J, et al. Vitamin D
attenuates hyperoxia-induced lung injury through downregu-
lation of Toll-like receptor 4. Int J Mol Med. 2017;39:1403-8,
http://dx.doi.org/10.3892/ijmm.2017.2961.

Pincikova T, Paquin-Proulx D, Sandberg JK, Flodstrom-Tullberg
M, Hjelte L. Vitamin D treatment modulates immune activa-
tion in cystic fibrosis. Clin Exp Immunol. 2017;189:359-71,
http://dx.doi.org/10.1111/cei.12984.

Biswas S, Hwang JW, Kirkham PA, Rahman I. Pharmacological
and dietary antioxidant therapies for chronic obstructive pul-
monary disease. Curr Med Chem. 2013;20:1496-530.
Al-Azzawi MA, Ghoneim AH, Elmadbouh I. Evaluation of
Vitamin D, Vitamin D binding protein gene polymorphism
with oxidant antioxidant profiles in chronic obstruc-


dx.doi.org/10.1038/nri2378
dx.doi.org/10.1016/j.beem.2011.04.009
dx.doi.org/10.1016/S0140-6736(20)30183-5
dx.doi.org/10.1016/S0140-6736(20)30183-5
dx.doi.org/10.1111/apm.12982
dx.doi.org/10.1016/S1357-2725(99)00013-8
dx.doi.org/10.1016/S1357-2725(99)00013-8
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0090
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0095
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0100
dx.doi.org/10.1002/rmv.2032
dx.doi.org/10.1186/s13054-019-2539-x
dx.doi.org/10.1017/S0950268806007175
dx.doi.org/10.1017/S0950268806007175
dx.doi.org/10.1155/2012/806198
dx.doi.org/10.1001/archinternmed.2008.560
dx.doi.org/10.3390/ijms19082419
dx.doi.org/10.3390/ijms19082419
dx.doi.org/10.3945/ajcn.2009.29094
dx.doi.org/10.3945/ajcn.2009.29094
dx.doi.org/10.1093/ibd/izy346
https://www.grassrootshealth.net/project/our-scientists/
dx.doi.org/10.3390/nu12040988
dx.doi.org/10.1001/jama.2020.6548
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0155
dx.doi.org/10.1016/j.cyto.2005.07.007
dx.doi.org/10.1016/j.anai.2010.01.013
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0170
dx.doi.org/10.1002/eji.200324532
dx.doi.org/10.4049/jimmunol.180.8.5211
dx.doi.org/10.1172/JCI21759
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0190
dx.doi.org/10.3892/mmr.2017.8216
dx.doi.org/10.1371/journal.pone.0200040
dx.doi.org/10.1016/j.toxlet.2015.10.022
dx.doi.org/10.1016/j.steroids.2011.06.009
dx.doi.org/10.3892/ijmm.2017.2961
dx.doi.org/10.1111/cei.12984
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0225

276

J.L. Mansur et al.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

tive pulmonary disease. J Med Biochem. 2017;36:331-40,
http://dx.doi.org/10.1515/jomb-2017-0012.

Laird E, Kenny RA. The Irish Longitudinal Study of Ageing
(TILDA); 2020, http://dx.doi.org/10.38018/TildaRe.2020-05.
Gassen NC, Niemeyer D, Muth D, Corman VM, Martinelli
S, Gassen A, et al. SKP2 attenuates autophagy through
Beclin1-ubiquitination and its inhibition reduces MERS-
Coronavirus infection. Nat Commun. 2019;10(1):5770,
http://dx.doi.org/10.1038/s41467-019-13659-4.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl J
Med. 2020, http://dx.doi.org/10.1056/NEJM0a2002032.

Wu Z, McGoogan JM. Characteristics of and important lessons
from the Coronavirus disease 2019 (COVID-19) outbreak in
China: summary of a report of 72 314 cases from the chi-
nese center for disease control and prevention. JAMA. 2020,
http://dx.doi.org/10.1001/jama.2020.2648.

Sommerstein R, Grani C. Rapid response: re: pre-
venting a covid-19 pandemic: ACE inhibitors as a
potential risk factor for fatal Covid-19. BMJ. 2020
https://www.bmj.com/content/368/bmj.m810/rr-2

Li XC, Zhang J, Zhuo JL. The vasoprotective axes of the renin-
angiotensin system: physiological relevance and therapeutic
implications in cardiovascular, hypertensive and kidney dis-
eases. Pharmacol Res. 2017;125:21-38.

Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al.
Angiotensin- converting enzyme 2 is a functional receptor for
the SARS coronavirus. Nature. 2003;426:450-4.

Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell. 2020;181:1-10.

Kuster GM, Pfister O, Burkard T, Zhou Q, Twerenbold R, Haaf P,
et al. SARS-CoV2: should inhibitors of the renin-angiotensin sys-
tem be withdrawn in patients with COVID-19? Eur Heart J. 2020,
http://dx.doi.org/10.1093/eurheartj/ehaa235, pii: ehaa235.
Zhang P, Zhu L, Cai J, Lei F, Qin JJ, Xie J, et al. Association of
inpatient use of angiotensin converting enzyme inhibitors and
angiotensin ii receptor blockers with mortality among patients
with hypertension hospitalized with COVID-19. Circ Res. 2020,
http://dx.doi.org/10.1161/CIRCRESAHA.120.317134.

Sun ML, Yang JM, Sun YP, Su GH. Inhibitors of RAS might
be a good choice for the therapy of COVID-19 pneumo-
nia. Zhonghua Jie He He Hu Xi Za Zhi. 2020;43:E014,
http://dx.doi.org/10.3760/cma.j.issn.1001-0939.2020.0014.
Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-
2 therapeutics. Drug Dev Res. 2020:1-4.

Kuba K, Imai Y, Rao S, Huan Y, Guo F, Guan B, et al. Angiotensin-
converting enzyme 2 protects from severe acute lung failure.
Nature. 2005;436:112-6.

Sodhi CP, Wohlford-Lenane C, Yamaguchi Y, Prindle T, Fulton WB,
Wang S, et al. Attenuation of pulmonary ACE2 activity impairs
inactivation of des-Arg9 bradykinin/BKB1R axis and facilitates
LPS-induced neutrophil infiltration. Am J Physiol Lung Cell Mol
Physiol. 2018;314:L17-31.

Colotta F, Jansson B, Bonelli F. Modulation of inflammatory and
immune responses by vitamin D. J Autoimmun. 2017;85:78-97.
Xu J, Yang J, Chen J, Luo Q, Zhang Q, Zhang H. Vitamin D allevi-
ates lipopolysaccharide induced acute lung injury via regulation
of the renin angiotensin system. Mol Med Rep. 2017;16:7432-8.
Grant WB, Giovannucci E. The possible roles of solar ultraviolet-
B radiation and vitamin D in reducing case-fatality rates
from the 1918-1919 influenza pandemic in the United States.
Dermato-Endocrinology. 2009;4:215-9.

Urashima M, Segawa T, Okazaki M, Kurihara M, Wada Y, Ida
H. Randomized trial of vitamin D supplementation to pre-

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

vent seasonal influenza A in schoolchildren. Am J Clin Nutr.
2010;91:1255-60.

Greiller CL, Martineau R. Modulation of the Immune Response
to Respiratory Viruses by Vitamin D. Nutrients. 2015;7:4240-70.
Jolliffe DA, Greenberg L, Hooper RL, Mathyssen C, Rafig
R, de Jongh RT, et al. Vitamin D to prevent exacerbations
of COPD: systematic review and meta-analysis of individual
participant data from randomized controlled trials. Thorax.
2019;74:337-45.

Rejnmark L, Bislev LS, Cashman KD, Ein ksdottir G, Gaksch
M, Grubler M. Non-skeletal health effects of vitamin D supple-
mentation: a systematic review on findings from meta-analyses
summarizing trial data. PLoS One. 2017;12(7):e0180512.
Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha
V. Vitamin D for treatment and prevention of infectious dis-
eases: a systematic review of randomized controlled trials.
Endocr Pract. 2009;15:438-49.

Charan J, Goyal JP, Saxena D, Yadav P. Vitamin D for prevention
of respiratory tract infections: a systematic review and meta-
analysis. J Pharmacol Pharmacother. 2012;3:300-3.

Bergman P, Lindh AU, Bjorkhem-Bergman L, Lindh JD. Vita-
min D and respiratory tract infections: a systematic review
and meta-analysis of randomized controlled trials. PLoS ONE.
2013;8:e65835.

Mao S, Huang S. Vitamin D supplementation and risk of respira-
tory tract infections: a meta-analysis of randomized controlled
trials. Scand J Infect Dis. 2013;45:696-702.

Das RR, Singh M, Panigrahi I, Naik SS. Vitamin d supplementation
for the treatment of acute childhood pneumonia: a systematic
review. ISRN Pediatr. 2013;2013:459160.

Jolliffe DA, Griffiths CJ, Martineau AR. Vitamin D in the preven-
tion of acute respiratory infection: Systematic review of clinical
studies. J Steroid Biochem Mol Biol. 2013;136:321-9.

Xiao L, Xing C, Yang Z, Xu S, Wang M, Du H, et al. Vitamin D sup-
plementation for the prevention of childhood acute respiratory
infections: a systematic review of randomised controlled trials.
Br J Nutr. 2015;114:1026-34.

Yakoob MY, Salam RA, Khan FR, Bhutta ZA. Vitamin D supple-
mentation for preventing infections in children under five years
of age. Cochrane Database Syst Rev. 2016. CD008824.

Vuichard Gysin D, Dao D, Gysin CM, Lytvyn L, Loeb M. Effect of
vitamin D3 supplementation on respiratory tract infections in
healthy individuals: a systematic review and meta-analysis of
randomized controlled trials. PLoS One. 2016;11:e0162996.
Giraldo DM, Cardona A, Urcuqui-Inchima S. High-dose of vita-
min D supplement is associated with reduced susceptibility
of monocyte-derived macrophages to dengue virus infection
and proinflammatory cytokine production: an exploratory study.
Clin Chim Acta. 2018;478:140-51.

Martinez Moreno J, Hernandez JC, Urcuqui Inchima S. Effect
of high doses of vitamin D supplementation on dengue virus
replication, Toll-like receptor expression, and cytokine profiles
on dendritic cells. Mol Cell Biochem. 2020;464:169-80.
Sabetta JR, DePetrillo P, Cipriani RJ, Smardin J, Burns
LA, Landry ML. Serum 25-hydroxyvitamin d and the inci-
dence of acute viral respiratory tract infections in healthy
adults. PLoS One. 2010;5:11088, http://dx.doi.org/10.
1371/journal.pone.0011088.

Quraishi SA, Bittner EA, Blum L, Hutter MM, Camargo
CA Jr. Association between preoperative 25-hydroxyvitamin
D level and hospital-acquired infections following Roux-
en-Y gastric bypass surgery. JAMA Surg. 2014;149:112-8,
http://dx.doi.org/10.1001/jamasurg.2013.3176.

Laviano E, Sanchez Rubio M, Gonzalez-Nicolas MT, Pala-
cian MP, Lopez J, Gilaberte Y, et al. Association between
preoperative levels of 25-hydroxyvitamin D and hospital-
acquired infections after hepatobiliary surgery: A prospec-


dx.doi.org/10.1515/jomb-2017-0012
dx.doi.org/10.38018/TildaRe.2020-05
dx.doi.org/10.1038/s41467-019-13659-4
dx.doi.org/10.1056/NEJMoa2002032
dx.doi.org/10.1001/jama.2020.2648
https://www.bmj.com/content/368/bmj.m810/rr-2
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0260
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0265
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0270
dx.doi.org/10.1093/eurheartj/ehaa235
dx.doi.org/10.1161/CIRCRESAHA.120.317134
dx.doi.org/10.3760/cma.j.issn.1001-0939.2020.0014
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0290
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0295
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0300
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0305
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0310
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0315
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0320
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0325
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0330
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0335
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0340
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0345
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0350
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0355
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0360
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0365
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0370
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0375
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0380
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0385
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0390
dx.doi.org/10.1371/journal.pone.0011088
dx.doi.org/10.1371/journal.pone.0011088
dx.doi.org/10.1001/jamasurg.2013.3176

Vitamin D high doses supplementation could represent a promising alternative

277

83.

84.

85.

86.

87.

88.

89.

tive study in a third-level hospital. PLoS One. 2020;15,
http://dx.doi.org/10.1371/journal.pone.0230336, e0230336.
Sanchez A, Oliveri B, Mansur JL, Fradinger E. Diagnostico, pre-
vencion y tratamiento de la hipovitaminosis D. Rev Argent
Endocrinol Metab. 2013;50:140-55.

Ekwaru JP, Zwicker JD, Holick MF, Giovannucci E, Veugel-
ers PJ. The importance of body weight for the dose
response relationship of oral vitamin D supplementation
and serum 25-hydroxyvitamin D in healthy volun-
teers. PLoS One. 2014;9:e111265, http://dx.doi.org/10.
1371/journal.pone.0111265.

Amir E, Simmons CE, Freedman OC, Dranitsaris G, Cole
DE, Vieth R, et al. A phase 2 trial exploring the effects
of high-dose (10,000 IU/day) vitamin D(3) in breast can-
cer patients with bone metastases. Cancer. 2010;116:284-91,
http://dx.doi.org/10.1002/cncr.24749.

Charoenngam N, Shirvani A, Kalajian TA, Song A, Holick MF.
The effect of various doses of oral vitamin D3 supplementation
on gut microbiota in healthy adults: a randomized, double-
blinded, dose-response study. Anticancer Res. 2020;40:551-6,
http://dx.doi.org/10.21873/anticanres.13984.

Shirvani A, Kalajian TA, Song A, Holick MF. Disassociation
of vitamin D’s calcemic activity and non-calcemic genomic
activity and individual responsiveness: a randomized con-
trolled double-blind clinical trial. Sci Rep. 2019;9:17685,
http://dx.doi.org/10.1038/s41598-019-53864-1.

McCullough PJ, Lehrer DS, Amend J. Daily oral dosing of vita-
min D3 using 5,000 to 50,000 international units a day in
long-term hospitalized patients: Insights from a seven year
experience. J Steroid Biochem Mol Biol. 2019;189:228-39,
http://dx.doi.org/10.1016/j.jsbmb.2018.12.010.

Cipriani A, Romagnoli E, Scillitani A, Chiodini I, Clerico R,
Carnevale V, et al. Effect of a single oral dose of 600,000
IU of cholecalciferol on serum calciotropic hormones in young
subjects with vitamin D deficiency: a prospective intervention
study. J Clin Endocrinol Metab. 2010;95:4771-7.

90.

91.

92.

93.

94.

95.

Kearns MD, Alvarez JA, Tangpricha V. Large, single-dose, oral
vitamin D supplementation in adult populations: a systematic
review. Endocr Pract. 2014;20:341-51.

Alipio M. Vitamin D Supplementation Could Possibly Improve
Clinical Outcomes of Patients Infected with Coronavirus-
2019 (COVID-2019) (April 8, 2020). Available at SSRN:
https://ssrn.com/abstract=3571484 or https://doi.org/
10.2139/ssrn.3571484.

Bolland M, Grey A, Gamble G, Reid I. The effect of vitamin
D supplementation on skeletal, vascular, or cancer outcomes:
a trial sequential meta-analysis. Lancet Diabetes Endocrinol.
2014;2:307-20.

Grant WB, Lahore H, McDonnell SL, Baggerly CA, French
CB, Aliano JL, et al. Vitamin D supplementation could
prevent and treat influenza, coronavirus, and pneu-
monia infections. Preprints. 2020, http://dx.doi.org/10.
20944/ preprints202003.0235.v1, 2020030235.

Rhodes JM, Subramanian S, Laird E, Kenny RA. Editorial:
low population mortality from COVID-19 in countries south
of latitude 35 degrees North - supports vitamin D as a
factor determining severity. Aliment Pharmacol Ther. 2020,
http://dx.doi.org/10.1111/apt.15777.

The association of UK Dietitians: Covid 19, Coronavirus -
Advice for general Public. March 16, 2020. https://www.bda.
uk.com/resource/covid-19-corona-virus-advice-for-the-general
-public.html.


dx.doi.org/10.1371/journal.pone.0230336
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0410
dx.doi.org/10.1371/journal.pone.0111265
dx.doi.org/10.1371/journal.pone.0111265
dx.doi.org/10.1002/cncr.24749
dx.doi.org/10.21873/anticanres.13984
dx.doi.org/10.1038/s41598-019-53864-1
dx.doi.org/10.1016/j.jsbmb.2018.12.010
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0440
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0445
https://ssrn.com/abstract=3571484
https://doi.org/10.2139/ssrn.3571484
https://doi.org/10.2139/ssrn.3571484
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
http://refhub.elsevier.com/S2529-9123(20)30074-7/sbref0450
dx.doi.org/10.20944/preprints202003.0235.v1
dx.doi.org/10.20944/preprints202003.0235.v1
dx.doi.org/10.1111/apt.15777
https://www.bda.uk.com/resource/covid-19-corona-virus-advice-for-the-general-public.html
https://www.bda.uk.com/resource/covid-19-corona-virus-advice-for-the-general-public.html
https://www.bda.uk.com/resource/covid-19-corona-virus-advice-for-the-general-public.html

