Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 May 2020 doi:10.20944/preprints202005.0265.v1

Review

The Essential Role of Vitamin D in the Biosynthesis

of Endogenous Antimicrobial Peptides May Explain

Why Deficiency Increases Mortality Risk in COVID-
19 Infections

Patrick ] McCullough', Jeffrey Amend?, William P McCullough?, Steven J. Repas?, Jeffrey B.
Travers®s (ORCID 0000-0001-7232-1039) and Douglas S Lehrert

1Summit Behavioral Healthcare, Ohio Department of Mental Health and Addiction Services, 1101 Summit
Rd, Cincinnati, OH 45237

2Rose-Hulman Institute of Technology, 5500 Wabash Ave, Terre Haute, IN 47803

3 Wright State University Boonshoft School of Medicine, 3640 Colonel Glenn Hwy, Dayton, OH 45435
Departments of “Psychiatry, Pharmacology & Toxicology, Wright State University Boonshoft School of
Medicine, 3640 Colonel Glenn Hwy, Dayton, OH 45435

®Dayton Veterans Administration Medical Center, Dayton Ohio

*Correspondence: Patrick.mccullough@mbha.ohio.gov Tel: 1-513-948-3600

Abstract: A primary action of vitamin D is regulation of gene transcription. Many cell types possess
genes that make antimicrobial peptides (AMPS) (endogenous antibiotics), recently discovered to be
regulated by vitamin D. Two examples are cathelicidin and beta defensins, both bioactive against
many different bacteria, fungi, mycobacteria, parasites and viruses. The signal transduction
pathway is triggered by sensing microorganisms via cell surface receptors, causing intracellular
production of calcitriol (1,25(OH)2D) and vitamin D receptors, leading to upregulation of AMP
production. Serum 25(OH)D concentrations required to sustain adequate AMP production to
eradicate infections are unknown. Vitamin Ds is photosynthesized in skin in amounts ranging from
10,000 (250 mcg) to 25,000 (625 mcg) International Units (IU) from 7-dehydrocholesterol after whole-
body exposure to one minimal erythemal dose (MED) of ultraviolet B (UVB) radiation, and is
impacted by many factors including geographic localities, seasonal changes and skin pigmentation.
We and others have reported extended daily oral dosing with these amounts of vitamin Ds safe. We
routinely observe serum 25(OH)D concentrations below 20ng/ml on new admissions, which have
been reported insufficient to sustain AMP production. In contrast serum 25(OH)D concentrations
above 100ng/ml have been reported after serial UVB treatments for psoriasis. Little vitamin D
naturally occurs in food, and insufficient sun exposure may be causing worldwide deficiency. We
review evidence suggesting that higher daily intakes of vitamin Ds than the currently recommended
600 (15 mcg) IU/day may be necessary to sustain AMP production in the face of an overwhelming
infection, particularly in non-Hispanic blacks, a high risk population suffering the worst outcomes
from COVID-19. We propose that increased vitamin D supplementation could provide a safe and
cost-effective way to protect all populations from infections, in particular those from pandemic
COVID-19.
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1. Introduction

Vitamin D was named a vitamin after being discovered in the 1920s when it was isolated from
both cod liver oil and the skin of laboratory animals subjected to UVB radiation [1-3]. It was found to
be made from 7-dehydrocholesterol in the skin, and its chemical structure was determined to be a
steroid in the 1930s [2]. In the 1960s it was shown that two hydroxylation reactions were required to
form the active hormone form of vitamin Ds (1,25-dihydroxyvitamin D3, (1,25(OH)2D3), or calcitriol)
from the preprohormone vitamin Ds (cholecalciferol). The structure of the vitamin D receptor (VDR)
was also determined, and the VDR was found to be in the same family of other steroid hormone
receptors [2-3].

Vitamin D exists in 2 forms, vitamin D2 and vitamin Ds, which differ chemically by alterations
in the side chain carbons coming off the fourth steroid ring. Vitamin D2 (calciferol, or ergocalciferol)
was shown to have “antimicrobial” properties in the 1940s when it was found to successfully treat
chronic mycobacterium tuberculosis (IB) infections of the skin known as lupus vulgaris [4-11].
Previously cod liver oil [12], UVB phototherapy [11,13-17] and sunshine [18-19] were reported to be
effective treatments for TB infections. In 1903 the Nobel Prize in Medicine or Physiology was awarded
to a scientist, Dr Neils Ryberg Finsen, for curing hundreds of cases of lupus vulgaris with refracted
light rays from an electric arc lamp between the years of 1895 and 1901 [13-14]. UVB phototherapy
and sunshine soon became the mainstays of treatment for tuberculosis infections until the advent of
antibiotics in the 1940s [15-19].

In the 1940s scientists tested the hypothesis that oral vitamin D alone could be effective in
treating chronic TB infections for several reasons. First, it was known that sunshine and UVB
phototherapy caused the formation of vitamin D in the skin. Second, vitamin D was present in cod
liver oil. Third, sunshine, UVB phototherapy and cod liver oil were all effective treatments for TB
infections. Finally, because treatment with UVB phototherapy was expensive and cumbersome, they
were looking for an easier alternative treatment. As one scientist, Lieut.-Colonel F.F. Heller, pointed
out in 1946 “It would now appear that we have constructed our wonderful light equipment, our
Kromayer, our Finsen-Reyn lamps, merely for the sake of applying a dose of calciferol to the skin,
when it could have been given more readily by the mouth [6] (p. 226)”.

The rationale for how these investigators chose the doses they used is not clear. However, daily
intake of oral vitamin D2 in doses ranging from 100,000 (2500 mcg) IU/day to 150,000 (3750 mcg)
IU/day for 2 to 3 months was so successful in safely eradicating long-standing TB infections in the
1940s [4-11] that it led one author, Dr Dowling, to state “these five cases, together with the six who
were presented to the section on November 15, and a considerable number of others which have
responded in a similar way to the same treatment, can leave no room for doubt that calciferol in
adequate dosage will cure a substantial proportion of cases of lupus. The question that must interest
us now is, how does it act? [6] (p. 226).” (Note: one microgram of vitamin D is equivalent to 40 IU).

Several other microorganisms besides mycobacterium tuberculosis were also found to be
susceptible to vitamin D2 in the 1940s [4]. These included proteus vulgaris, bacillus aerogenes,
staphylococci and non-hemolytic streptococci. Vitamin D was shown to be effective at killing these
microorganisms both in patients and in petri dishes, leading Dr. Raab, the author who discovered
and reported this while treating patients with pulmonary tuberculosis, to conclude “Therefore, it can
be stated that vitamin D is a bactericidal, bacteriostatic and bacteria lytic substance in vivo and in
vitro [4] (p. 409].”

The answer to the question “How does it act?” came 60 years later when several investigators
showed that calcitriol induces expression of the antimicrobial peptides cathelicidin and beta
defensins [20-22]. Subsequently, it was shown that “toll -like receptor activation of human
macrophages upregulated expression of the vitamin D receptor and the vitamin D-1-hydroxylase
genes, leading to induction of the antimicrobial peptide cathelicidin and killing of intracellular
mycobacterium tuberculosis [23] (p. 1770),” which offers an explanation of the mechanism of action
of vitamin D in eradicating tuberculosis infections.

During the past 2 decades research on how vitamin D regulates genes, how it is triggered to turn
on and turn off genes, and the identity of several gene products and their physiological roles in the
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body has been very active [1-3,20-47]. We now know that several different antimicrobial peptides are
produced by genes regulated by vitamin D. These antimicrobial peptides include cathelicidin,
defensins, S100 proteins, ribonucleases (RNases) and dermcidin, which have shown bioactivity
against multiple microorganisms, including fungi, parasites and viruses, in addition to bacteria and
mycobacteria [20-43].

In this review, we will summarize key discoveries in these reports made between 2004 to 2020,
as there is a strong correlation between vitamin D deficiency and risk for acute respiratory infections
such as COVID-19 [48-51]. We will first discuss important aspects of vitamin D and the human
genome [1-3, 44-47,52-54] and review a 2019 report describing a significant dose response relationship
between vitamin D intake and gene regulation [55].

Two major vitamin D supplementation guidelines published in 2011 [56-57 vs 58] will then be
discussed, highlighting important differences between them, and how both guidelines likely
significantly impact the ability of vitamin D to adequately regulate the many genes it is responsible
for controlling, by advising daily intake of what appear to be insufficient amounts of vitamin D.

We will discuss key findings from our experiences in treating several thousand hospitalized
patients with 5000 (125 mcg) IU/day to 10,000 (250 mcg) IU/day of vitamin Ds as a standard of care
for the past 11 years to correct and prevent deficiency, as well as higher doses ranging up to 50,000
(1250 mcg) IU/day to 60,000 (1500 mcg) IU/day in several individuals for specific disease related
reasons, which have been effective without causing hypercalcemia or other adverse events [59].

We will review several unique aspects of vitamin D as a steroid hormone precursor, how it is
available in both prescription and over the counter (OTC) formulations as well as in a small number
of foods, and caveats to be aware of in choosing an OTC supplement due to the differing
manufacturing standards of prescription medications versus OTC supplements [60-61].

Finally, we will review two recent analyses of racial disparities in serum 25(OH)D concentrations,
which found non-Hispanic (NH) blacks to have significantly higher rates of vitamin D deficiency of
any race [62-63], and discuss how this may explain why they are suffering the worst outcomes among
those infected with COVID-19 [64-65]. We will discuss why daily intake of vitamin D in amounts
higher than currently recommended may be necessary to sustain adequate AMP production in
response to infection, and how this may be helpful in dealing with the coronavirus pandemic. This,
and latitude associations of viral pandemics resulting in lower levels of UVB radiation also could fit
with altered serum 25(OH)D concentrations. We hypothesize that VDR activation status could be
playing an important role in the infectivity of viruses such as COVID-19.

2. Vitamin D and the human genome

In 2003 the Human Genome Project estimated that there are about 20,500 protein coding genes
in human DNA [52-53]. In 2010 Ramagopalan and colleagues identified 2776 VDR binding sites in
the DNA in lymphoblastoid cell lines from CEPH individuals (GM10855 and GM10861) from the
International HapMap Project after stimulation with calcitriol, and 229 with significant changes in
response to vitamin D [564].

Thus, recent data indicates that a significant percentage of our genes are regulated by vitamin
D. It is also significant that several of the VDR binding sites were noted to be significantly enriched
near genes associated with cancer and several autoimmune diseases such as Crohn’s disease, type 1
diabetes, multiple sclerosis and systemic lupus erythematosus, as these diseases have all been
strongly linked to vitamin D deficiency [57-59,62-63,66]. Moreover, vitamin D was first shown in the
1930s and 1940s to be an effective treatment for the autoimmune diseases psoriasis [67] and
rheumatoid arthritis [68-70], and since 1986 has been routinely used to safely treat psoriasis using
both oral [59,71-85] and topical formulations [86-97], as has sunshine and UVB phototherapy [67,98-
120]. Several reviews have been written on the use of vitamin D in treating psoriasis [121-127].

Reports describing how vitamin D interacts with the VDR, and how it requires other
transcription factors to bind along with it, such as the retinoid X receptor, prior to binding to a specific
area in the DNA called the vitamin D response element (VDRE), also started appearing in the 2000s
[1-3,20-47]. Several reviews on the genetic actions of vitamin D have indicated that the VDR mediates
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virtually all of the known biological actions of calcitriol [2-3,44-47]. Once the VDR binds to the
regulatory regions of vitamin D dependent genes in the nucleus of cells, modulation of their
transcriptional output occurs with either up-regulation or down-regulation of the genes.
Technological advances have enabled scientists to advance our knowledge in this area by allowing
them to study transcription factor binding on a genome-wide scale in cells and tissues that are major
targets of vitamin D action [44-47,54].

More recently, a landmark study reported in 2019 that the number of genes up or down
regulated in human white blood cells (WBCs) is dependent on the daily dose of vitamin D ingested,
with a significantly greater number of genes either up or down regulated observed with higher daily
intakes of vitamin Ds after a 6-month period of supplementation [55]. In this study three groups of
healthy volunteers took either 600 (15 mcg) IU/day (n=10), 4000 (100 mcg) IU/day (n=13) or 10,000
(250 mcg) IU/day (n=10) of vitamin Ds for 6 months. At the end of the study, a dose dependent
25(OH)D alteration in broad gene expression was observed with 162, 320, and 1289 genes either up
or down regulated in their white blood cells respectively. Mean serum 25(OH)D concentrations at
baseline were 17 ng/ml for the 33 individuals. At 24 weeks the mean serum 25(OH)D concentrations
in the three groups were 24.3ng/ml (600 (15 mcg) IU/day), 40.8ng/ml (4000 (100 mcg) IU/day) and
78.6ng/ml (10,000 (250 mcg) IU/day). No significant differences were observed in serum calcium
concentrations in any group. Serum parathyroid hormone (PTH) concentrations were unchanged in
the 600 (15 mcg) IU/day group, but significantly decreased by week 16 in the 4000 (100 mcg) IU/day
group by 17%, and by 33.3% in the 10,000 (250 mcg) IU/day group and remained there for the
remaining eight weeks of the study. Vitamin Ds intake of 10,000 (250 mcg) IU/day produced genomic
alterations eight times higher than observed in the group taking 600 (15 mcg) IU/day, and four time
higher than observed in the 4000 (100 mcg) IU/day group. The authors concluded that “Our findings
may help explain why there are some inconsistencies in the results of different vitamin D clinical
trials [55] (p. 1).”

One plausible explanation for the potential lack of effects noted in vitamin D clinical trials is that
many clinical trials with vitamin D in the past 30 years have typically used intakes of vitamin D
substantially below 10,000 (250 mcg) IU/day [50-51,58,128] and achieved serum 25(OH)D
concentrations much lower than those observed in the 10,000 (250 mcg) IU/day group [58]. The
serum25(OH)D concentrations observed in the 10,000 (250 mcg) IU/day group are consistent with
other reports that used prolonged daily intake of 10,000 (250 mcg) IU/day [59,129]. They are also
consistent with 25(OH)D concentrations observed after UVB phototherapy treatment of psoriasis,
where serum 25(OH)D concentrations > 100 ng/ml [99,106-108], and as high as 159 ng/ml have been
reported [99]. UVB radiation is also known to generate 10,000 (250 mcg) to 25,000 (625 mcg) IU/day
of vitamin Dsin the skin after exposure to 1 MED of UVB radiation [58].

The daily doses of vitamin Ds used in this study are directly from updated dietary reference
intake recommendations for vitamin D published in 2011 by two authoritative agencies. One was the
Institute of Medicine (IOM) [56-57] (now known as the Health and Medicine Division of the National
Academies); the second was the Endocrine Society [58]. Due to significantly greater vitamin D
dependent genes being regulated with 10,000 (250 mcg) IU/day of vitamin Ds than with either 600 (15
mcg) IU/day or 4000 (100 mcg) IU/day, it raises potential concerns about the appropriateness of
current vitamin D daily intake recommendations by both organizations.

3. Current recommendations for daily intake of vitamin D and sun exposure

In 2011 the IOM published updated “Dietary reference intakes for calcium and vitamin D” [57],
which were previously revised in 1997 [130]. They stated that daily intake of 600 (15 mcg) IU of
vitamin Ds would be sufficient for most adults ages 18 to 70, and 800 (20 mcg) IU for adults older
than 70 (p. 9). The IOM set their recommended daily allowance of vitamin D at 600 (15 mcg) IU, the
tolerable upper intake level at 4,000 (100 mcg) IU/day, and the no adverse effects level (NOAEL) at
10,000 (250 mcg) IU/day for most adults. The IOM also stated “Practically all persons are sufficient at
serum 250(H)D levels of at least 50 nmol/L (20 ng/mL). Serum 25(OH)D concentrations above 75
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nmol/L (30 ng/mL) are not consistently associated with increased benefit. There may be reason for
concern at serum 25(OH)D levels above 125 nmol/L (50 ng/mL) [57] (p. 14).”

In 2011 the Endocrine Society published a competing set of guidelines in response to those issued
by the IOM, entitled “Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine
Society clinical practice guideline [58].” The recommendations from the Endocrine Society (ES) were
similar but differed significantly from those of the IOM in several areas. First, the ES defined
deficiency as serum 25(OH)D concentrations less than 20ng/ml, and insufficiency as < 30ng/ml but >
20ng/ml. The ES stated that while serum 25(OH)D concentrations > 20ng/ml were necessary to
prevent rickets and osteomalacia, they needed to be > 30ng/ml to “maximize vitamin D’s effect on
calcium, bone and muscle metabolism [58] (p. 22)” and may have additional health benefits in
reducing the risk for many other diseases linked to vitamin D deficiency, including “common cancers,
autoimmune diseases, type 2 diabetes, cardiovascular disease, and infectious diseases [58] (p. 22).”

Second, the ES also recommended higher daily intake of vitamin D in patients at risk for vitamin
D deficiency than the IOM. Compared to the IOM, the ES recommended:

a) 400 (10 mcg) to 1000 (25 mcg) IU in infants vs 400 (10 mcg) IU by the IOM;

b) 600 (15 mcg) to 1000 (25 mcg) IU for ages 1 to 18 vs 600 (15 mcg) IU by the IOM;

c) 1500 (37.5 mcg) to 2000 (50 mcg) IU for ages 19 and older, vs 600 (15 mcg) IU to age 70
and 800 (20 mcg) IU for over age 70 by the IOM.

d) higher daily intakes for people suffering from obesity, and for people taking
anticonvulsant medications, glucocorticoids, antifungals and medications for AIDS.
These groups will likely require at least 6000 (150 mcg) to 10,000 (250 mcg) IU treat
vitamin D deficiency and maintain a serum 25(OH)D concentration above 30 ng/ml.

e) The ES also recognized that it was unknown if intakes of 400 (10 mcg) IU, 600 (15 mcg)
IU and 800 (20 mcg) IU were enough to provide all the nonskeletal health benefits
associated with vitamin D vs the IOM’s statement that nearly everyone is sufficient
with a serum 25(OH)D concentration above 20ng/ml.

Third, the ES recommended higher maintenance tolerable upper intake levels (UL) in almost all
age groups:

a) 2000 (50 mcg) IU for 0 to 6 and 6 to 12 months vs 1000 (25 mcg) IU and 1500 (37.5 mcg)
IU by the IOM;

b) 4000 (100 mcg) IU for ages 1 to 3 and 4 to 8 vs 2500 (62.5 mcg) IU and 3000 (75 mcg) IU
by the IOM;

c) 4000 (100 mcg) IU for ages 9 to 18 vs 4000 (100 mcg) IU by the IOM

d) 10,000 (250 mcg) IU in ages 19 and older, vs 4000 (100 mcg) IU in ages 9 and older by
the IOM. A comparison of the recommendations of the two groups for infants, children,
males, females, pregnancy and lactation is provided in table 3 of the report (p. 12).

The assessment that the maintenance tolerable upper intake level of 10,000 (250 mcg) IU/day of
vitamin D for adults 19 years and older was reasonable, as opposed to the 4000 (100 mcg) IU/day
limit set by the IOM, is a very important difference. The Tolerable Upper Intake Level (UL) is the
highest level of daily nutrient intake that is likely to pose no risk of adverse health effects to almost
all individuals in the general population, and per the ES “ is not to be exceeded without medical
supervision [58] (p. 18).” They also stated that this intake may be necessary at times to correct
deficiency and to maintain serum 25(OH)D concentrations above 30ng/ml, particularly in obese
patients. This recommendation for the UL was based in part on a dose-ranging study from 2003 that
reported men who received either 5500 (137.5 mcg) IU/day or 11,000 (275 mcg) IU/day of vitamin Ds
for 5 months did not experience any alteration in either serum calcium or urinary calcium excretion,
or any other adverse effects related to vitamin D intake [129]. A total of 67 healthy subjects were
enrolled in the study. Both groups showed significant increases in serum 25(OH)D concentrations
after 5 months. Mean serum 25(OH)D concentrations at baseline were 28ng/ml, and after 5 months
increased to 64 ng/ml in the 5500 (137.5 mcg) IU/day group, and 88ng/ml in the 11,000 (275 mcg)
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IU/day group, while only a 5ng/ml increase was observed in a group taking 836 (20.9 mcg) IU/day,
and a 5ng/ml drop was observed in a placebo group.

The Endocrine Society also recognized that exposure to sunlight or UVB radiation generates
“~20,000 IU of vitamin Ds in the skin, equivalent to exposure to 1 minimal erythemal dose (MED) in
a bathing suit. Thus, exposure of arms and legs to 0.5 MED is equivalent to ingesting ~3,000 IU
vitamin D3 [58] (p. 9).” “When an adult wearing a bathing suit is exposed to one minimal erythemal
dose of UV radiation (a slight pinkness to the skin 24 h after exposure), the amount of vitamin D
produced is equivalent to ingesting between 10,000 and 25,000 IU [58] (p. 7).” Consistent with this
notion, the Endocrine Society also noted that “the major source of vitamin D for children and adults
is exposure to natural sunlight (3,7,35-37). Very few foods naturally contain or are fortified with
vitamin D. Thus, the major cause of vitamin D deficiency is inadequate exposure to sunlight [58] (p.
7).

The IOM, on the other hand, never acknowledged in their report the amounts of vitamin D3
estimated to be made in the skin from exposure to 1 MED in a bathing suit, or how 600 (15 mcg)
IU/day could be sufficient if the body makes up to 25,000 (625 mcg) IU/day in response to sun
exposure. They also concluded “For vitamin D, the challenges introduced by issues of sun exposure
are notable. This nutrient is unique in that it functions as a hormone and the body has the capacity to
synthesize it. However, concerns about skin cancer risk preclude incorporating the effects of sun
exposure in the DRI process. At this time, the only solution is to proceed on the basis of the
assumption of minimal sun exposure and set reference values assuming that all of the vitamin D
comes from the diet [57] (p. 12).”

While these concerns regarding sun exposure appear noble, the IOM also never reconciled these
concerns with other important information that was available prior to the publication of their 2011
report; such as the fact sunshine and UVB phototherapy were well documented treatments for
treating TB infections [11,13-19] and rickets [131-132], and were also well documented treatments for
safely controlling the plaques that form on the skin in the autoimmune disease psoriasis [98-120].
Sunshine and UVB phototherapy are recommended as treatments for psoriasis by the National
Psoriasis Foundation [120] and the American Academy of Dermatology [105] and have been for many
years prior to 2011. As discussed earlier, several UVB phototherapy reports showed that serum
25(OH)D concentrations rose much higher than 50ng/ml after successful treatment of psoriatic skin
plaques without causing adverse events [99,106-108]. Also as discussed earlier, both oral and topical
vitamin D have also been shown to be safe and effective treatments for psoriasis [71-97], and several
reviews on this topic have been written [121-127]. It is interesting to note that baseline serum 25(OH)D
concentrations reported in oral vitamin D [71-85] and UVB phototherapy [99,106-108] studies were
often above 20ng/ml, ranging to as high as 80ng/ml, many of which would be considered normal by
either the IOM, the ES, or both, yet the subjects’ psoriasis still improved with treatment.

We mention this because the IOM stated in their 2011 report the only proven health benefits for
vitamin D were in certain bone diseases and listed many other diseases which they classified as
diseases of interest, but for which the data were insufficient to conclude a proven benefit from vitamin
D supplementation [57]. Many diseases were on this list, including asthma, rheumatoid arthritis,
tuberculosis and several other autoimmune diseases, but not psoriasis.

“Box S-2 lists these potential indicators in alphabetical order. The close inter-relationship
between calcium and vitamin D often resulted in potential indicators being relevant to both nutrients
[57] (p.3).” “In sum, with the exception of measures related to bone health, the potential indicators
examined are currently not supported by evidence that could be judged either convincing or
adequate in terms of cause and effect, or informative regarding dose-response relationships for
determining nutrient requirements [57] (p.5).”

There is no discussion about psoriasis in the IOM report, and it is also not mentioned or
discussed in the Endocrine Society report. Moreover, neither the IOM nor the Endocrine Society
mention the studies from the 1940s that showed that tuberculosis was effectively treated with oral
vitamin D2 [4-11], or the reports from the 1930s showing that vitamin D2 was used effectively in
treating rheumatoid arthritis [68-70] and asthma [133], in addition to psoriasis.
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The conclusions and recommendations made by the IOM and the Endocrine Society in 2011 must
be reconsidered in light of arguments based upon data presented in this report and the recent dose
response findings [55]. This recalibration of effective vitamin D intake recommendations is especially
true if we are going to be able to mount an effective endogenous antimicrobial peptide response when
cells are triggered to turn on vitamin D regulated genes and produce sufficient quantities of the
antimicrobial peptides described in the next section.

Without a sufficient serum 25(OH)D concentration, an adequate response will be difficult to
sustain. And this may have severe implications for the public health during the current coronavirus
pandemic.

4. Vitamin D generates antimicrobial peptides active against numerous microorganisms, and
vitamin D deficiency is strongly linked to risk for acute respiratory infections.

In 2004 and 2005, several groups of investigators discovered that calcitriol induces the expression
of the antimicrobial peptides cathelicidin and defensin beta2 in vitamin D regulated genes by binding
to a unique area of the DNA identified as the vitamin D response element [20-22]. Prior to this the
mechanism as to how these genes were regulated was unknown. Multiple cell types were shown to
produce antimicrobial peptides in these three reports, including human keratinocytes, monocytes,
and neutrophils, and human cell lines [20], acute myeloid leukemia (AML), immortalized
keratinocytes, colon cancer cells, normal human bone marrow (BM) derived macrophages, and fresh
BM cells from two normal individuals and one AML patient [21], and leukocytes, epithelia surfaces,
and in the basal layer of keratinocytes [22]. Cathelicidin had previously been identified to be secreted
in significant amounts in the squamous epithelia of the mouth, tongue, esophagus, lungs, intestine,
cervix, vagina, salivary and sweat glands, epididymis, testis and mammary glands, but the
mechanism of its production was unknown [21]. These studies showed for the first time that
induction of transcription of the antimicrobial peptide gene required binding of calcitriol and its
receptor to a specific area of DNA referred to as the promoter region of the gene, which for vitamin
D is the VDRE.

Subsequently in 2006 it was shown in a study investigating tuberculosis and white blood cells
that the triggering of toll-like receptors (TLRs) on the cell surface of human macrophages by
tuberculosis protein caused the upregulation of genes leading to the production of the vitamin D
receptor and the vitamin D-1-hydroxylase enzyme [23]. This is the enzyme that converts circulating
25(OH)D into calcitriol on demand inside of the cells. This was then shown to lead to the upregulation
of vitamin D regulated genes that made the antimicrobial peptide cathelicidin and the killing of
intracellular Mycobacterium tuberculosis. They also made the following very important observation
“...that sera from African-American individuals, known to have increased susceptibility to
tuberculosis, had low 25-hydroxyvitamin D and were inefficient in supporting cathelicidin
messenger RNA induction. These data support a link between TLRs and vitamin D-mediated innate
immunity and suggest that differences in ability of human populations to produce vitamin D may
contribute to susceptibility to microbial infection [23] (p. 1770).” In this report, it appears that the
mean serum 25(OH)D concentrations were 10 ng/ml in African Americans versus 30 ng/ml in
Caucasians (Fig 4D, p. 1773).

These observations offer a plausible explanation as to why cod liver oil, sunshine, UVB
phototherapy, and oral vitamin D resulted in dramatic improvements in treating chronic tuberculosis
infections in the 1800s through the 1940s. People suffering from the chronic TB infections were likely
vitamin D deficient and unable to mount an effective antimicrobial peptide response until their
vitamin D deficiency state was corrected.

We may be seeing history repeat itself now with the coronavirus pandemic. We will review data
in section 7 showing that non-Hispanic blacks are significantly more deficient in vitamin D [62-63]
and are suffering more serious complications and deaths from coronavirus infections than other
groups [64-65]. This correlation fits with a number of recent reports which have shown that vitamin
D plays a role regulating the immune response against viral infections [30-31,34,36-41], and that
deficiency confers increased susceptibility to respiratory infections [48-51].
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Since 2004 antimicrobial peptides have been found to kill a wide variety of microorganisms,
including many different bacteria, fungi, mycobacteria, parasites and viruses [20-43]. Two recent
reports on the dengue virus showed a dose response effect, with 4000 (100 mcg) IU of vitamin D being
more effective than 1000 (25 mcg) IU in killing dengue virus [38,41]. In a recent report on HIV
infections, investigators showed that vitamin D may be a good adjuvant to cART (combination
antiretroviral therapy). Efficacy of the vitamin D combined with antiretroviral therapy was found to
depend on the dose and duration of the treatment. Dosages which showed the most success were
4000 (100 mcg) IU and 7000 (175 mcg) IU given daily for at least 12 weeks. Studies with larger sample
sizes were recommended to confirm the beneficial effects of vitamin D, and to establish optimal
supplementation and maintenance doses in the context of HIV-1 infection [39].

Several other viral infections have been linked to vitamin D. For example, a recent report on
rotavirus showed a strong link with vitamin D deficiency [34], while a later report showed that
vitamin D can alleviate rotavirus infections [40]. A report in 2013 showed that cathelicidin has anti-
viral activity against respiratory syncytial virus [31], while a report from 2018 showed that
cathelicidin disrupts the Kaposi's sarcoma-associated herpesvirus envelope and inhibits infection in
oral epithelial cells [36]. The results of a recently reported community field trial indicated that serum
250HD concentrations > 50 ng/ml compared to < 20 ng/ml were associated with a 27% reduction in
influenza-like illnesses [48]. Other investigators have also concluded that a significant body of work
suggests that the current RDA for vitamin D is unlikely to raise serum 25(OH)D concentrations to
levels needed for adequate function of the immune system [43].

It is also known that small changes in VDR alleles that affect activity can influence the
susceptibility or resistance to infection. For example, a study of Canadian children has reported that
VDR gene polymorphisms increase the likelihood of acute lower respiratory tract infections [134].
Several lines of evidence have also suggested an important role for VDR signaling in hand, foot and
mouth disease (HFMD) caused by coxsackievirus A16. Serum 25(OH)D concentrations in HFMD
patients are lower than in healthy uninfected controls [135]. A significant relationship has been
reported between VDR single nucleotide polymorphisms (SNP) that result in decreased activity with
HFMD infection susceptibility [136]. Thus, genetic analysis supports the concept that vitamin D
deficiencies can influence viral pathogenesis.

In addition to their killing activities, antimicrobial peptides have also been found to display
immunomodulatory properties, including induction of cell migration, proliferation and
differentiation; regulation of cytokine/chemokine production; promotion of angiogenesis and wound
healing; and maintenance of the barrier function of the skin [21,22,25,26,35,38].

Once a cell is triggered by microorganisms interacting with toll-like receptors on its surface,
increased production of the VDR and the enzyme 25-hydroxyvitamin D 1-alpha hydroxylase (which
converts circulating 25(OH)D into calcitriol intracellularly) are seen [23]. Calcitriol is then made on
demand inside cells from circulating 25(OH)D by an enzymatic reaction that places a second
hydroxyl group on the first carbon of the first steroid ring. Calcitriol then binds with the VDR and
multiple other transcription factors, and the whole complex then binds to the VDRE, enabling the up-
or down- regulation of vitamin D regulated genes, some of which make antimicrobial peptides able
to kill multiple microorganisms [1-3,20-45]. Thus, the reports that supplementation with the very high
doses of vitamin D used in the 1940s are effective in treating tuberculosis infections [4-11], could be
due to increased AMP production.

Future relevant areas of investigation will be determining the minimal daily vitamin D intake or
UVB exposure times and serum 25(OH)D concentrations that are necessary to sustain antimicrobial
peptide production sufficiently to eradicate an infection without causing hypercalcemia to occur.

It is reassuring that neither sunshine nor UVB phototherapy have been reported to cause
hypercalcemia, in spite of causing the body to make 10,000 (250 mcg) IU to 25,000 (625 mcg) IU of
vitamin Ds a day. And both treatments have been proven to be effective intreating TB infections,
rickets and psoriasis, as has oral vitamin D.

A strong argument can be made that taking daily doses in this range is not only likely to be safe,
which is consistent with our experience [59] and that of others [55,85,129,137-140], but will also
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sustain AMP production long enough to eradicate an infection. We will discuss our experience in
using these doses for extended periods of time and the serum 25(OH)D concentrations we observed
in section 6, but will first review several important aspects of currently available sources of vitamin
D.

5. Vitamin D is a steroid hormone precursor available in prescription and OTC formulations

Vitamin Ds (cholecalciferol) and vitamin D: (ergocalciferol) are steroid hormone precursors.
After vitamin Ds is formed in the skin or ingested from a food source or supplement, two
hydroxylation reactions occur which convert cholecalciferol into 25(OH)Ds (calcidiol) and then into
1,25(OH)2D:s (calcitriol). Calcidiol has a relatively stable half-life in the blood of 2 to 3 weeks and is
what is measured to determine a person’s vitamin D status. It is a prohormone. Calcitriol has a half-
life on the order of a few hours and is the active steroid hormone form of vitamin Ds. The same
reactions occur with D2 to transform it into the active steroid hormone form, 1,25(OH)2D:.

Calcitriol is a steroid hormone [44]. Steroid hormones are made from cholesterol, while peptide
hormones are made from amino acids. Examples of peptide hormones and where they are made
include insulin (pancreas), oxytocin (brain), antidiuretic hormone (brain), and growth hormone
(pituitary gland). Examples of steroid hormones include estrogen (ovaries), testosterone (testes),
cortisol (adrenal gland) and vitamin D (skin).

Vitamin D is also unique in several important ways from other hormone precursors.

First, both vitamin Ds and vitamin D2 are present naturally in small amounts in a few food
sources, mainly oily fish for vitamin Ds, and mushrooms and egg yolks for vitamin D2 [58,66]. Second,
our bodies can synthesize vitamin Ds, but not vitamin D2, from 7-dehydrocholesterol in the skin and
require exposure to sunshine for this to happen, specifically the UVB spectrum (280 to 320nm
wavelength) of sunlight. Vitamin D2 is manufactured through the ultraviolet irradiation of ergosterol
from yeast and is not produced in the body [66].

Third, we obtain very little vitamin D from the diet in comparison to the amounts of D3 generated
in the skin from exposure to sunshine or UVB phototherapy, which are 10 to 250 times higher. For
example, fresh wild salmon (3.5 0z) contains about 600 (15 mcg)-1000 (25 mcg) IU of vitamin Ds, fresh
shitake mushrooms (3.5 0z) contain about 100 (2.5 mcg) IU of vitamin D>, egg yolk contains about 20
(0.5 mcg) IU of vitamin Ds or Dz, and cod liver oil (1 tsp) contains about 400 (10 mcg) —1000 (25 mcg)
IU of vitamin Ds [58,66]. In contrast, whole body sun exposure causes 10,000 (250 mcg) IU to 25,000
(625 mcg) IU of vitamin Ds to be formed [58]. Lack of adequate sun exposure to our skin is viewed by
the ES the single biggest cause of vitamin D deficiency [58] and is likely affecting a significant
percentage of the world’s population. Our bodies are designed to make vitamin Ds from sun exposure
to our skin in amounts far greater than those available in the few dietary sources from which Ds and
D2 naturally available.

Vitamin D is available in a prescription form as vitamin D2, and as over the counter supplements
(OTCs) as vitamin Ds. Vitamin Ds is available in various strengths, ranging from 400 (10 mcg) IU/pill
to 10,000 (250 mcg) IU/pill, while vitamin D2 is available in the prescription formulation with a
concentration of 50,000 (1250 mcg) IU per capsule. The concentration of vitamin D supplements has
traditionally been expressed in IUs but is now moving to micrograms (mcg). One microgram is
equivalent to 40 IU; ten mcg is 400 IU; one hundred mcg is 4000 IU; and one thousand mcg is 40,000
IU. The intake doses in this manuscript are expressed with both units to familiarize the reader with
the new standard.

Prescription medications are regulated by the Food and Drug Administration (FDA), while OTC
supplements, which are considered dietary supplements, are not. Manufacturing and labeling errors
are commonly encountered in dietary supplements [60], and several OTC formulations of vitamin Ds
have led to serious complications from accidental overdosing due to such errors [61]. As a result, it
would be prudent to consider using only United States Pharmacopeia (USP) verified OTC vitamin Ds
supplements, of which only three are currently available [141]. USP verification is an extra cost to the
manufacturer, but indicates that the product contains the ingredients listed on the label, in the
declared potency and amounts; does not contain harmful levels of specified contaminants; will break
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down and release into the body within a specified amount of time; and has been made according to
FDA current Good Manufacturing Practices using sanitary and well-controlled procedures.

6. Insights from our 11 year experience in treating hospitalized patients with 5000 (125 mcg) IU to
50,000 (1250 mcg) IU of vitamin D a day

In 2009 one author (PM) made it a standard of care to offer hospitalized patients either 5000 (125
mcg) IU/day or 10,000 (250 mcg) IU/day after realizing the importance of maintaining vitamin D
sufficiency in hospitalized patients who had no access to sunshine or UVB phototherapy, who were
receiving very little vitamin D in their diets, and who often had undetectable or extremely low serum
25(OH)D concentrations in their blood [142]. This occurred at the Daniel Drake Center for Post-Acute
Care in Cincinnati, Ohio. The protocol established by Dr Heaney in 2003 was adopted, when he
showed using these daily intakes to be safe over a 5-month period [129], as discussed earlier. This
practice continued as a standard of care after the author moved to Summit Behavioral Healthcare in
2011, where a significant prevalence of vitamin D deficiency was also noted and continues to exist on
new admissions to the facility [59].

On April 7, 2020 we had census of 288 patients at our hospital, of which 254 (88.2%) were taking
a vitamin D supplement. Of patients taking vitamin D, 193 (76%) were taking 10,000 (250 mcg) IU/day,
while 51 (20.5%) were taking 5000 (125 mcg) IU/day, and 9 (3.6%) were taking higher doses. This is a
typical profile for the past 9 years. We have never seen vitamin D induced hypercalcemia, or any
other complication related to vitamin D intake using these doses. Some of our patients are long term
patients who have been taking these doses for several years. In patients receiving 10,000 (250 mcg)
IU/day, the highest serum 25(OH)D concentration we have observed is 202 ng/ml, with normal serum
calcium and iPTH concentrations. We have found this regimen to be consistently safe, and recently
published the 2019 report cited earlier giving insights from our experiences over the seven year
period from 2011 to 2018. We have treated over several thousand hospitalized patients with this
protocol over the past 11 years, and have observed no issues with hypercalcemia, or any other
adverse events related to vitamin D.

Several reports have shown that if hypercalcemia does occur, it is easily reversible with cessation
of vitamin D intake, and supportive care if necessary. This was shown in the 1940s in patients with
rheumatoid arthritis treated with 150,000 (3750 mcg) IU/day to 600,000 (15,000 mcg) IU/day [70]. It
was shown again in a 2011 vitamin D toxicity report when 2 individuals recovered uneventfully after
one ingested over 970,000 (24,250 mcg) IU/day for 1 month, and the second ingested over 1.864
million (46,600 mcg) IU/day for 2 months [61]. Both cases occurred due to manufacturing and labeling
errors in OTC supplements. The first individual had a peak serum 25(OH)D concentration of 645
ng/ml, and a serum calcium concentration of 13.2 mg/dl. The second had a peak serum 25(OH)D
concentration of 1220 ng/ml, and a serum calcium concentration of 15.0 mg/dl. The hypercalcemia
was observed to resolve in both individuals when the serum 25(OH)D concentrations dropped below
400 ng/ml.

As discussed in our earlier report [59], it is interesting to note that both Dowling [7] and Howard
[70] in the 1940s observed random calcifications to occur at times in patients treated with large doses
of vitamin D. Both scientists also observed that the calcifications and hypercalcemia resolved over
time with cessation of vitamin D intake. The main treatment for vitamin D induced hypercalcemia
appears to be stopping the vitamin D intake, and supportive care if needed. Once the serum 25(OH)D
concentrations fall, the hypercalcemia improves, calcifications will dissolve if present, symptoms
abate, and patients recover uneventfully [7,61,70].

The data that we presented in our 2019 report is consistent with this, as we have not seen
hypercalcemia develop in several individuals taking 25,000 (625 mcg) IU/day to 60,000 (1500 mcg)
IU/day for several years. This is in spite of observing several serum 25(OH)D concentrations > 200
ng/ml, and as high as 384 ng/ml in these individuals. We presented 3 case reports which included
two of the authors, JA and PM, who have each been taking either 25,000 (625 mcg) IU/day (JA) or
60,000 (1500 mcg) IU/day (PM) for the past six years without complications while observing marked
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clinical improvement in asthma (JA) and in an ulcerated skin cancer (PM), as well as a patient with
psoriasis treated with 50,000 (1250 mc) IU/day of vitamin D2 for over 2 years [59,137].

The average serum 25(OH)D concentrations we observed in patients taking 5000 (125 mcg)
IU/day and 10,000 (250 mcg) IU/day for extended periods of time with serum 25(OH)D concentrations
greater than 74.4ng/ml were 102.9 ng/ml and 115.8 ng/ml. For individuals taking > 10,000 (250 mcg)
IU/day in our report, the average serum 25(OH)D concentration was 234.6ng/ml, with no
hypercalcemia noted, in spite of 3 of these individuals being on either 25,000 (625 mcg), 50,000 (1250
mcg) or 60,000 (1500 mcg) units per day for >3 years. The average serum calcium concentration when
combining these 3 vitamin D groups (n=418) was 9.6 mg/dl (range 8.6 to 10.7 mg/dl), compared to an
average serum calcium concentration of 9.5 mg/dl (range 8.4 to 10.7 mg/dl) in a group of patients not
taking vitamin D (n=777), whose average serum 25(OH)D concentration was 27.1ng/ml, versus
118.9ng/ml in the combined three vitamin D groups.

We have tested the hypothesis that lower doses than were used to treat asthma, psoriasis, RA
and TB in the 1930s and 1940s would be clinically effective and able to reproduce clinical benefits
observed in the 1930s and 1940s for several diseases closely linked to vitamin D deficiency. We chose
to use doses in the physiological range of 10,000 (250 mcg) IU/day to 25,000 (625 mcg) IU/day, and
up to 60,000 (1500 mcg) IU/day. Although it is a small number and several cases are anecdotal, several
individuals with asthma, psoriasis, Crohn’s disease, Grave’s disease, MS, lichen planus and RA have
seen and maintained significant clinical improvement taking daily doses of vitamin D in this range.
No one has reported developing hypercalcemia or needed to stop intake of vitamin D for any reason.
Individuals with asthma, psoriasis and Crohn’s disease reported disease exacerbation after stopping
vitamin D intake, and improvement with resumption of intake. The effects on psoriasis and asthma
are not anecdotal. Psoriatic plaques were monitored clinically for extended periods of time, as were
the number of exacerbations and use of oral steroids and antibiotics in asthma, along with serum
25(OH)D, calcium and iPTH concentrations.

A recently reported clinical trial in asthma patients using 4000 (100 mcg) IU of vitamin Ds/day
following a 100,000 (2500 mcg) IU bolus (n=201) versus placebo (n=207) over 24 months showed no
improvement in asthma control [143]. The patients were deficient at baseline, with mean serum
25(OH)D concentrations of 18.8ng/l. The mean serum 25(OH)D concentrations remained < 20ng/ml
in the placebo group, while rising to 42ng/ml (range 6.2 to 97.3 ng/ml) by week 12 in the treatment
group and persisted at this value through week 28. In contrast, our experience has consistently
shown that 10,000 (250 mcg) IU/day to 25,000 (625 mcg) IU/day is effective in safely treating asthma
and achieves much higher serum 25(OH)D concentrations, although involving only a small number
of people to date. As noted above, we previously described JA’s experience with asthma and vitamin
D [59]. He began taking 10,000 (250 mcg) IU of vitamin Ds/day in 2011,and has only had one
significant attack since then, when he dropped the dose early on to 5000 (125 mcg) IU/day. He has
been taking 25,000 (625 mcg) IU a day for several years now without complication and has not
required oral steroids for management. His serum 25(OH)D concentrations have ranged from 96.6g
ng/ml to 161ng/ml, with normal serum calcium and intact parathyroid hormone concentrations. Prior
to taking 10,000 (250 mcg) IU daily he was prescribed oral steroids several times a year and would
miss several days of work with each severe exacerbation. He has used albuterol for mild
exacerbations related to bronchitis and does continue to take Symbicort daily. The failure of the
asthma trial and the success of our small sample sizes with various diseases is consistent with the
increased number of genes shown to be regulated with increasing daily intake of vitamin D as
discussed earlier [55].

We have observed several psoriasis patients achieve excellent control of their plaques within
three to four months taking daily doses of 40,000 (1000 mcg) IU of vitamin Ds [84] and 50,000 (1250
mcg) IU of vitamin D: for over three years while maintaining normal serum calcium and iPTH
concentrations [59]. These findings fit with those of another group of investigators who reported in
2013 similar safety and efficacy using 35,000 (875 mcg) IU/day of vitamin Ds for 6 months in 25
patients with either psoriasis or vitiligo [85]. A group looking into vitamin D supplement dosing and
serum 25(OH)D concentrations in the range associated with cancer prevention have suggested that
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daily intake of 40,000 (1000 mcg) IU of Ds is likely to be safe [138], also consistent with our experiences.
They also found extended daily intake with 10,000 (250 mcg) safe. Other investigators have reported
similar findings. A pancreatic cancer case report in 2016 showed a remarkable clinical benefit in a
patient who took 50,000 (1250 mcg) IU/day for 9 months [139]. A Parkinson’s disease case report from
1997 showed remarkable clinical benefits in a patient who had progressively worsening disease over
a 13 year period a year after treatment with 4000 IU/day of 250HD3 (roughly equivalent to 20,000
(500 mcg) IU/day of Ds [145]) for a year [140].

In 2017 a study in pregnancy reported that achieving maternal serum 25(OH)D concentrations
240 ng/mL early in pregnancy was associated with 60% lower preterm birth risk among general
obstetrical patients at an urban medical center. Many pregnant women were found to have serum
25(OH)D concentrations < 20 ng/ml, which is significantly associated with increased risk for
complications of pregnancy, including preterm birth [145]. In 2018 a pooled analysis of two
randomized trials and a prospective cohort found serum 25(OH)D concentrations above 60ng/ml
were associated with a markedly lower risk for breast cancer compared to 25(OH)D concentrations
less than 20ng/ml [146].

7. Racial disparities in serum 25(OH)D concentrations — could this explain the alarming death rate
among non-Hispanic (NH) blacks infected with coronavirus?

Two recent surveys on vitamin D deficiency (VDD) and vitamin D insufficiency (VDI) were
performed on the US population and reported in 2009 [62] and in 2018 [63]. Both surveys were
performed due to the realization that both VDD and VDI are strongly linked to increased risk for
multiple medical problems including cardiovascular disease, cancer, infections, diabetes,
hypertension, all-cause mortality, MS, RA and other autoimmune diseases, and that vitamin D
supplementation and higher serum 25(OH)D concentrations were associated with reduced risk for
these diseases. Both surveys used data from the National Health and Nutrition Examination Surveys
(NHANES) data base.

The 2009 survey used NHANES III data from 1988 through 1994 and compared this with results
from NHANES data collected from 2001 to 2004. The 2018 report looked at NHANES data from 2001
through 2010. The NHANES data was used as a representative sampling of the US population.
Multiple factors that might influence serum 25(OH)D concentrations were examined in both reports,
including race.

A total of 18,883 participants were used in NHANES III, and 13,369 in NHANES 2001 to 2004.
In NHANES 1II there were 5362 non-Hispanic (NH) blacks (11%), 7428 NH whites (75%), 5305
Mexican American (6%), and 788 other (8%). In NHANES 2001 to 2004 There were 3149 NH blacks
(11%), 6131 NH whites (72%), 3211 Mexican American (8%), and 878 other (9%). In the NHANES 2001
to 2010 data a total of 26,010 adults 18 years and older were used, which included 6968 NH blacks
(10.7%), 12,770 NH whites (71.1%), 5164 Hispanics (12.7%), and a group labeled other.

In 2009 a normal serum 25(OH)D concentration was considered to be > 30ng/ml. In the 2009
report, the mean serum 25(OH)D concentrations were found to be 30ng/ml during 1988 to 1994 and
decreased to 24ng/ml between 2001 to 2004. The prevalence of serum 25(OH)D concentrations <
10ng/ml increased from 2% to 6%, while the prevalence of values < 20ng/ml increased from 22% to
36% between the two time frames.

In NH blacks, the prevalence of serum 25(OH)D concentrations < 10ng/ml increased from 9% to
29%, indicating a much greater degree of VDD. The prevalence of serum 25(OH)D concentrations <
20 ng/ml was not provided. There was also a marked decrease in the prevalence of serum 25(OH)D
concentrations > 30ng/ml, dropping from 45% to 23% in the two time periods. In NH blacks the
prevalence of values > 30ng/ml decreased from 12% to 3%. The authors noted that 97% of NH blacks
and 90% of Hispanics were < 30 ng/ml. These investigators concluded that decreased sun exposure,
increased use of sunscreens, decreased outdoor activity and obesity were likely the main factors
contributing to this problem. They suggested increased sun exposure and increased vitamin D
supplementation would likely improve the vitamin D status and the overall health of the US
population. They also stated, “our data provide additional evidence that current recommendations
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for vitamin D supplementation (220 to 600 IU/d) are inadequate to achieve optimal serum 25(OH)D
concentrations in most of the US population [62] (p. 6).”

In the 2018 report the criteria used to define VDD and VDI were adopted from the Endocrine
Society [58]. VDD deficiency was defined as serum 25(OH)D concentrations < 20ng/ml. VDI was
defined as serum 25(OH)D concentrations < 30ng/ml but > 20ng/ml.

Using these criteria, the prevalence of VDD was found to be 28.9% and VDI was 41.4% in the
2001 to 2010 time period and did not change significantly over time. Older age, physical inactivity,
obesity, rare milk consumption and being black were found to be the highest risk factors for
developing VDD. The percentage of individuals with serum 25(OH)D concentrations > 50ng/ml was
1.7%, and only 0.38% had serum 25(OH)D concentrations > 60ng/ml.

NH blacks were again found to have the highest prevalence of VDD among racial groups at
71.9%, compared to 42.8% for Hispanics, 18.6% for NH whites, and 46.1% for other races. The highest
prevalence of VDI was 43.7% in Hispanics, followed by 43.6% in NH whites, 38.8% in other races,
and 22.6% in NH blacks. NH blacks were found to have serum 25(OH)D concentrations 9ng/ml lower
than NH whites, while Hispanics had serum 25(OH)D concentrations 4ng/ml lower than NH whites.
The fact that 71.9% of NH blacks are estimated to have serum 25(OH)D concentrations < 20 ng/ml,
while 29% were < 10ng/ml in the 2009 report is a call for action, as these serum 25(OH)D
concentrations are unable to effectively sustain production of antimicrobial peptides in response to
infections, and could provide one explanation for why COVID-19 is killing NH blacks at an alarming
rate [64] and has been twice as deadly for both NH blacks and Latinos as compared to whites in New
York City [65].

8. Discussion

Tuberculosis studies in the 1940s proved that vitamin D was effective at killing not only
mycobacterium tuberculosis but also other microorganisms such as proteus vulgaris, bacillus
aerogenes, staphylococci and non-hemolytic streptococci [4-11]. Sixty years later the mechanisms of
action were determined. After cells sense microorganisms via toll-like receptors on their surface a
signal transduction pathway is activated, causing intracellular production of calcitriol and VDR,
leading to production of antimicrobial peptides. Thus our innate immune system can essentially
make antimicrobials on demand, and vitamin D is the switch that turns on the production.

Many different cell types have been reported capable of making antimicrobial peptides in
response to sensing microorganisms by upregulating vitamin D regulated genes, and several
different types of antimicrobial peptides have been identified, including cathelicidin, alpha defensins,
beta defensins, S100 proteins, ribonucleases (RNases) and dermcidin. These antimicrobial peptides
are reported to exhibit a wide range of activity against a host of microorganisms. In the past 2 decades
the list of microorganisms that vitamin D is effective against has grown to include several viruses
including rotavirus, respiratory syncytial virus, Kaposi Sarcoma-Associated Herpesvirus, dengue
virus and possibly HIV. All of this occurs indirectly via the actions of the antimicrobial peptides that
vitamin D causes to be produced in its action as a steroid hormone.

In addition to their killing activities, antimicrobial peptides also display immunomodulatory
properties, including induction of cell migration, proliferation and differentiation; regulation of
cytokine/chemokine production; promotion of angiogenesis and wound healing; and maintenance of
the barrier function of the skin. Thus, they have functions beyond their antimicrobial activities that
are also important to maintaining human health.

In the 1930s and 1940s oral vitamin D was shown effective in treating several diseases with much
higher intakes than are in use today, and which are also significantly higher than amounts made in
the skin in response to 1 MED of UVB radiation:

1. Asthma was controlled with 60,000 (1500 mcg) IU/day to 300,000 (7500 mcg) IU/day.

2. TB was cured with 100,000 (2500 mcg) IU/day to 150,000 (3750 mcg) IU/day for 2 to 3
months with no toxicity.

3. RA was controlled with 150,000 (3750 mcg) IU/day to 600,000 (15,000 mcg) IU/day.

4. Psoriasis was controlled with about 20,000 (500 mcg) IU/day.
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5. Rickets was cured with a few hundred IU/day.

Why investigators in those times chose to use these doses is unclear. Estimates of the amounts
of vitamin D produced in the skin were unknown at that time, and would not be reported until the
1977, when it was shown that the body makes over 10,000 (250 mcg) IU/day in response to sun
exposure to the skin [144], with this estimate increasing to 25,000 (625 mcg) IU/day in the 1980s [58].
While pioneering investigators realized that the doses of vitamin D that they were using in the 1930s
and 1940s were potentially toxic, it is not clear why they did not titrate the doses down to see if lower
doses would still be clinically effective, without causing hypercalcemia. This may be related to the
fact that some people on these high doses died and vitamin D was thought to be the causative agent,
although it is not clear how many deaths were caused by vitamin D [7,69-70]. Without performing
dose titration studies, the recommended daily intake of vitamin D was reduced to a few hundred
IU/day, as this was shown to be an effective dose for treating rickets [147], and essentially remains
there today. There is a compelling argument that the dose titration studies not performed in the 1940s
need to be done today.

The Endocrine Society’s closing statement addresses this issue from the opposite vantage point,
as they argued for clinical trials using higher daily intakes of vitamin D than are currently in use:
“randomized clinical trials that evaluate the effects of vitamin D doses in the range of 2000-5000 IU/d
on non-calcemic health outcomes are desperately needed. There is no evidence that there is a
downside to increasing vitamin D intake in children and adults, except for those who have a chronic
granuloma-forming disorder or lymphoma [58] (p. 23).” We propose expanding this testing to
include vitamin D intakes in the range of 10,000 (250 mcg) IU/day to 25,000 (625 mcg) IU/day. The
implications for human health are potentially enormous, especially during the current pandemic that
we are experiencing.

Dr Heaney and colleagues reported in 2003 that daily intake of 836 (20.9 mcg) IU/day for 5
months had a negligible impact on serum 25(OH)D concentrations, increasing the baseline
concentration of 28ng/ml to 33 ng/ml, while 11,000 (275 mcg) IU/day was safe, and caused a
significant increase to 88ng/ml [129]. Our group has been following his protocol for the past 11 years
as a standard of care without issue and have treated several thousand patients with 5000 (125 mcg)
IU/day or 10,000 (250 mcg) IU/day without any complications [59]. Moreover, we and others have
also had no clinically significant issues while observing significant clinical benefits in people with
asthma, psoriasis, cancer, Crohn’s disease, Grave’s disease, MS, Parkinson’s disease, vitiligo, and
lichen planus when extending the dosing to 20,000 (500 mcg) to 60,000 (1500 mcg) IU/day, albeit in
much smaller numbers of patients. As it is known from VDR pharmacology that there is a definite
dose response in the number of vitamin D regulated genes that are up- or down- regulated, with eight
times as many genes affected with 10,000 (250 mcg) IU/day (n=1289 genes) vs 600 (15 mcg) IU/day
(n=162 genes) and 4 times as many genes vs 4000 (100 mcg) IU/day (n=320) after 6 months of daily
intake [55], there is a basis for supplementation of vitamin D with supratherapeutic doses.
Importantly, case and anecdotal reports of high-dose vitamin D supplementation provide premise
for further examination using formal clinical trials.

We hypothesize based upon our current understanding of VDR pharmacology that current
recommendations to take only 600 (15 mcg) IU/day, or even 4000 (100 mcg) IU/day in people who are
already severely VDD, such as non-Hispanic blacks, will not be sufficient to support the increased
need for serum 25(OH)D when cells are overwhelmed with a sudden surge of microorganisms and
respond by trying to turn on production of vitamin D regulated antimicrobial peptide genes. The
current recommended levels of supplementation do not appear to generate enough serum 25(OH)D
to support this protective, if not potentially life-saving response.

9. Conclusions

When considering the risk to benefit ratio of a treatment, when the potential benefits of a
treatment significantly outweigh the risks, then recommending a treatment during a pandemic like
we are currently experiencing with so many lives at risk seems warranted. The risk of remaining
vitamin D deficient and being unable to mount an effective antimicrobial peptide response proven to
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be regulated by vitamin D, far outweighs the risk of possibly developing toxicity related to
hypercalcemia caused by excessive vitamin D intake.

This is especially true when hypercalcemia caused by excessive vitamin D intake has
consistently been shown to be reversible with cessation of vitamin D intake without any long-term
sequelae. The development of hypercalcemia can also be easily monitored and prevented by periodic
blood tests measuring serum calcium, 25(OH)D and intact parathyroid hormone concentrations.
Studies suggest that this untoward effect will not likely occur after taking 10,000 (250 mcg) IU/day
for extended periods of time.

Vitamin D deficiency is a significant risk factor for the development of acute respiratory tract
infections, as well as many other diseases. While vitamin D may not ultimately prove to be active
against coronavirus, the resulted augmented host defense generated will be active against a number
of other microorganisms that may potentially cause deadly opportunistic infections as a result of the
coronavirus infection. The daily intake and amount of vitamin D required in the blood to support
sustained AMP production against infectious microorganisms is currently unknown but is likely to
be in the range of 10,000 (250 mcg) IU/day to 25,000 (625 mcg) IU/day.

The literature does not support hazards but instead significant advantages if the population
could rapidly achieve and maintain robust serum 25(OH)D concentrations. It is known that the body
generates 10,000 (250 mcg) IU/day to 25,000 (625 mcg) IU/day of vitamin D in the photosynthetic
response to sunshine without causing hypercalcemia, while effectively treating tuberculosis
infections, rickets and psoriasis plaques. Studies including our own extensive clinical experience over
the past 11 years indicate these doses to be well-tolerated and safe, as well as inexpensive. Hence,
we highly recommend that consideration be given for vitamin D supplementation in this range now
to potentially protect people from the coronavirus. This is true for all populations but is especially
true for African Americans, who are the most severely vitamin D deficient and who are suffering
disproportionately worse outcomes from coronavirus infections.

Current low-dose supplementation recommendations (600 (15 mcg) IU/day to 4000 (100 mcg)
IU/day) appear to be insufficient to meet the goal of mounting a sustained protective host immune
response including AMP production in the face of an overwhelming infection such as coronavirus.

The risk to benefit ratio, low expense, and broad availability clearly favor the use of vitamin D
in doses of at least 10,000 (250 mcg) IU/day in adults during the deadly coronavirus pandemic that
now confronts much of the world, while lower doses may be sufficient in younger people. Treatment
with supra-recommended doses of vitamin D may save lives and prevent needless suffering, with
very little downside risk. Hence, the potential benefits of this cost-effective intervention appear to
clearly outweigh the risks. Our collective experience and analysis of the peer-reviewed vitamin D
literature supports this conclusion.
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