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What about Race? What is Going On?

Why?

The Pharmacology of Vitamin D3 and COVID‐19
3. blocking NF‐Κβ downregulates COVID‐19
inflammatory signaling

COVID‐19 ACE2 binding,
internalization, replication
RXR is a steroid
nuclear receptor

1. Vitamin D3 (VD3)
Interacts with the
vitamin D receptor
(VDR) plus the
retinoid X receptor
(RXR)

4. COVID‐19
inflammatory
signaling,
aka “cytokine
storm”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605797/

2. The VD3 + VDR + RXR
complex activates genes
(proteins) that can blocks
NF‐Κβ

NF‐KB required involvement;
https://stke.sciencemag.org/content/14/666/eaaz4382

SARS-CoV-2 positivity rates associated with circulating 25-hydroxyvitamin D levels
WHAT DO WE KNOW ABOUT VITAMIN D AND COVID‐19?
• 17‐Dehydrocholesterol (7‐DHC), found in the skin, is converted into vitamin D3 by
ultraviolet B (UVB) radiation through a two‐step nonenzymatic process that is
dependent on both UVB intensity and skin pigmentation. Vitamin D3 acquisition
through diet generally comes from vitamin D2 (ergocalciferol), which is produced
by UVB irradiation of ergosterol in plants and fungi.
• 25(OH)2D possesses multiple functions not related to bone and calcium
homeostasis as it can also be synthesized by monocytes and macrophages, where
it stimulates the innate immune system (the IFN response)
• Hydroxylation of vitamin D3 to 25(OH)D in the liver is directly related to the
concentration of vitamin D3 in the blood, making serum measurements of
25(OH)D an accurate estimate of vitamin D level in humans
• Vitamin D can suppress cellular and humoral immunity in several animal models as
it plays an important role in regulating proliferation, differentiation of activated B
cell, and immunoglobulin production
• https://www.frontiersin.org/articles/10.3389/fimmu.2015.00513/full
https://www.sciencedirect.com/topics/veterinary‐science‐and‐veterinary‐medicine/calcifediol

Vitamin D Effects on the Innate and Adaptive Immune Responses
• Vitamin D has been shown to enhance chemotaxis,
antimicrobial peptides, and macrophage
differentiation.
• T and B cells express the vitamin D receptor (VDR) and
are important target cells of calcitriol immune
regulation.
•

Vitamin D can suppress cellular and humoral
immunity in several animal models as it plays an
important role in regulating proliferation,
differentiation of activated B cell, and
immunoglobulin production

• It can also inhibit DCs maturation, Th1 and Th17
differentiation, and promotes Th2 and
immunoregulatory functions of Treg cells.
Iruretagoyena,et al., Front. Immunol., 12 October 2015;
• Very important: it supports endothelial cell
integrity

https://www.frontiersin.org/articles/10.3389/fimmu.2015.00513/full

SARS-CoV-2 positivity rate Inversely Associated with Circulating 25-Hydroxyvitamin D Levels
Vitamin D (D3) is converted to 25(OH)D

An important action of vitamin D is suppressing excessive
cytokine release that can present as a “cytokine storm”
• Cholecalciferol (vitamin D3) is metabolized in the liver
to calcifediol; 25‐hydroxycholecalciferol; 25(OH)D.
• Calcifediol is then metabolized by the kidney
to calcitriol (1,25‐dihydroxycholecalciferol).

• Cholcalciferol (D2) is metabolized to
Calcifediol (D3) which is then metabolized
by the kidney to the active form calcitriol
(1,25‐dihydroxycholecalciferol)
Over 190,000 patients from all 50 states with
SARS‐CoV‐2 results performed mid‐March
through mid‐June, 2020, and matching
25(OH)D results from the preceding 12
months were included.
1,25(OH)2D represents the hormonally active
form of vitamin D3 and carries out most of its
biological functions

25(OH)D “desired serum” value = 50 ng/mL

Population study:
SARS-CoV-2 positivity
decreases with increasing
Vitamin D blood level

Kaufman, et al, PLOS ONE, Sept 2020:
https://journals.plos.org/plosone/article?id=10.1371/journal.p
one.0239252

COVID‐19 POS and Circulating 25‐hydroxyvitamin D: Latitude and vs Race
Above the 35th Parallel gives increased risk for infection and this risk is damped with Vit D3
Racial PCR POS (African American/Latino prevalence due to low Vit D status as a group) is also reduced with
increasing Vitamin D supplementation
COVID‐19 POS vs Vit D
Northern Vs Central and Southern Latitudes

COVID POS vs Vit D and Races

SARS‐CoV‐2 positivity is strongly and inversely associated with circulating 25(OH)D levels, a relationship that
persists across latitudes, races/ethnicities, both sexes, and age ranges.
Kaufman, et al, PLOS ONE, Sept 2020:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239252

More on Vitamin D and Elderly COVID Patient Survival
Vitamin D serum levels were found significantly lower
in COVID‐19 patients than in Controls (median 7.9 vs
16.3 ng/mL, p= 0.001).
No statistically significant difference was observed
between male and female subjects.
Basal vitamin D serum levels were significantly lower
in patients who died during hospitalization, compared
to those who survived (median 3.0 vs 8.4 ng/mL, p =
0.046). COVID‐19 patients died in relation to the
severity of the lung involvement and their
comorbidities represented concomitant risk factors.
vitamin D serum levels negatively correlated also with
D‐dimer (r = – 0.37, p = 0.04), C‐reactive protein (r = –
0.38, p = 0.04), and parathyroid hormone (r = –0.36, p
= 0.05), while serum calcium positively correlated with
vitamin D levels (r = 0.38, p = 0.04).
Sulli, et al, 2021; Vit D in Lung Outcomes in Elderly;
https://www.mdpi.com/2072‐6643/13/3/717

Vit D Levels: Sufficient = >30 ng/mL
Insufficiency: 20‐30 ng/mL
Deficiency: 10‐20 ng/mL, and,
Severe deficiency: <10 ng/mL

Vit D levels in
COVID Patients;
Median:
7.9 ng/mL
(Mean ~12 ng/mL)

Vit D correlates with the
Lung Pathologies (n):
MI: mild interstitial (11)
DI: diffuse/severe interstitial (8)
FC: focal consolidation (8)
MC: multiple consolidations (21)
Mixed: mixed abnormalities (13)
Normal: normal chest x‐ray (4)

Vitamin D and Elderly COVID Survival
CONTROLS:
Median:
16.3 ng/mL
Mean:
~20.5 ng/mL

Deficiency must be treated with vitamin D
administration until reaching the optimal range of

40–60 ng/mL during all the year.
Supplement @ 3000 IU (75 ugm)/day
The study confirms that vitamin D deficiency is
associated with more severe lung involvement,
longer disease duration, and risk of death in elderly
COVID‐19 patients.
Sulli, et al, 2021; Vit D in Lung Outcomes in Elderly;
https://www.mdpi.com/2072‐6643/13/3/717

Control COVID POS (CNT) with less
severe hospitalizations showed
significantly higher Vitamin D levels
lower vitamin D serum levels were found
associated with longer global disease
duration (r = –0.37, p = 0.05)

COVID Pts:
Median:
7.9 ng/mL
Mean:
~13 ng/mL

Endothelial Inflammatory Responses and Role of Vitamin D
Vitamin D3 @ 2000 IU (50 ugm/day) over weeks gives >20 ng/mL in serum
Lower risk of hospitalizations with serum >30 ng/mL
What About Vitamin D3?
Vitamin D3 while ill with COVID is NOT efficacious
1a. Vitamin D3 (VD3)
• Chronic Vit D3 dosing stabilizes the endothelium
Vit D2 must be metabolized to D3
Interacts with the vit D
• Vit D3 decreases Reactive Oxygen Species (ROS)
receptor (VDR) plus the
by increasing NADPH oxidase (via p22 (phox) subunit of
retinoid X receptor (RXR)
NADPH oxidase)

• It blocks NF‐Κβ (IΚβ‐α/P65/P50) which blocks the
nuclear transcription of cytokine storm accelerators:
• Decreases IL‐6, IL‐1B and RANTES (CCL5)
•

RANTES: CCL5 “regulated upon activation,
normal T cell expressed and secreted”

• Decreases adhesion (ICAM, VCAM and PCAM)
• It increases PKA which increases eNOS activity
• Raising eNOS levels increases Nitric Oxide (NO)
via inhibiting kinases P38 (MAPK), protein kinase B
and other extracellular signal related kinases (ERK).

Endothelial function improves with vitamin D3:
• 300,000 IU once a month for 3 months in healthy
volunteers, and,
• 60,000 IU monthly for 4 months in African Americans

1b.
2b.

2b.
3b.
3a. blocking NF‐Κβ
downregulates COVID‐19
inflammatory signaling
(transcriptions of cytokine
proteins in the nucleus)

2a. The [VD3 + VDR + RXR]
complex activates genes (proteins)
that can block NF‐Κβ actions as
well as P38 which stimulates
cytokine storm

https://thoracickey.com/effect‐of‐vitamin‐d‐on‐endothelial‐function‐and‐blood‐pressure/

Vitamin D and its Actions on Damaging NF‐Κβ (IΚβ‐α/P65/P50) Activity
• Vitamin D with Vit D Receptor (VDR) and the Steroid Receptor (RXR) blocks NF‐Κβ (IΚβ‐α/P65/P50) which thus
stops nuclear transcription of cytokine storm accelerators:
• Decreases IL‐6, IL‐1B and RANTES (CCL5)
•
•
•

RANTES: CCL5 “regulated upon activation, normal T cell expressed and secreted”
PAMPs: PATHOGEN Associated Molecular Patterns
DAMPs: DAMAGE/INJURY Associated Molecular Patterns
NF‐Κβ (IΚβ‐α/P65/P50) Pathway to Nuclear Signaling

VitD‐VDR‐RXR
degrades the
Iκβ complex

Infection and cell injury result in the production of PAMPs and
DAMPs that promote the inflammatory response via TLRs
https://downloads.hindawi.com/journals/jtrans/2010/826240.pdf

Race and the Susceptibility to COVID‐19: It Is More Than Health Care Inequity
Food Deserts, Poor Diets, Poor Health Care Services, Hesitation, Economics –Biology Also Counts
African Americans Carry a Much Higher Risk
African Americans and Latinos are, as populations,
deficient in Vitamin D (<30 ng/mL) resulting in
significantly higher risk of vascular injury from COVID‐19

African Americans express significantly higher TMPRSS2
protease which facilitates COVID‐19 entry upon ACE2 binding

80% of African Americans are Vit D deficient
(70% of Latinos and 42% of whites )

<30 ng/mL  poor survival post infection
Mean
Normal Range
Normal Mean

Vitamin D: https://doi.org/10.137/journal/pone.0239799

TMPRSS2 assists the
ACE2‐R to internalize

TMPRSS2: https://jamanetwork.com/journals/jama/article‐
abstract/2770682

Two Physiologic Mechanisms Leading to Racial COVID‐19 Disparity
https://jamanetwork.com/journals/jama/article‐abstract/2770682 https://thoracickey.com/effect‐of‐vitamin‐d‐on‐endothelial‐function‐and‐blood‐

pressure/

1. TMPRSS2 is

2. Vitamin D Blocks the NF‐KB nuclear pathway where genes are switched

an enzyme that
assists the
ACE2R in COVID
Internalization

ON to start the cytokine storm
Survivors: o
Non‐survivors: o
VitD ng/mL

(blocked by Nanafostat
and Camostat)

African‐ Americans
are ~25% higher in
TMPRSS2 than
other races

80% of African Americans are <20ng/ml in Vitamin D3; Latinos: 70%; Whites: 42%
Vitamin D3
blood levels
<20 ng/ml
Creates a
COVID‐19
Severity Risk

Association of Vitamin D Levels with Race/ Ethnicity/ Clinical Characteristics
and COVID‐19 Test Results
Deficient (ie, <20 ng/mL) or insufficient (ie, 20 to <30 ng/mL) 25‐hydroxyvitamin D (also known as calcifediol) levels
are more common in Black individuals than White individuals. Whites are 42% deficient in Vitamin D; Blacks 80% and
Hispanics 70%. Vitamin D: https://doi.org/10.137/journal/pone.0239799
Whether this difference is associated with increased coronavirus disease 2019 (COVID‐19) risk and is associated with
differences in vitamin D levels of 30 ng/mL, or greater is not known.

Plasma Vitamin D Status per Race

The study of 4638 individuals with a measured vitamin D level
in the year before undergoing COVID‐19 testing, the risk of
having positive results in Black individuals was 2.64‐fold
greater with a vitamin D level of 30 to 39.9 ng/mL than a level
of 40 ng/mL or greater.

Red line is a 5% POS COVID Rate

Overall Vit D

BLACK Vit D

WHITE Vit D

4 groups: <20 20‐29 30‐39 >40 ng/mL

The probability of a POS COVID Test decreased by 5% for every
1‐ng/mL increase in level among individuals with a level of 30
ng/mL or greater.
There were no statistically significant associations of vitamin D
levels with COVID‐19 positivity rates in White individuals.
To convert vitamin D to nanomoles per liter, multiply by 2.496
Meltzer, et al., 2021; Association of Vit D with race and ethnicity;
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2777682

COVID‐19 and Obesity: Obesity Creates Vascular Opportunity for COVID
Body surface area (m2) = sqrt[(ht cm x wt kg)/3600)]
Using pounds and inches: BSA (m2) = BW lbs *703)/in2)
• Humans avg 1.7 m2 – the BMI is body wt (Kg)/BSA (m2)
• Obesity is defined as a Body Mass Index (BMI) exceeding 30 kg/m2

Obesity and ICU Prevalence:
COVID hospitalizations per 100,000

•

Most people (80%) who present at a hospital with severe acute
respiratory syndrome from COVID‐19 infections are paucisymptomatic
and with non‐severe disease.
• Approximately 20% of all patients develop severe COVID‐19 requiring
hospitalization, including 5% admitted to the intensive care unit (ICU).
• Obesity drives diabetes, vascular compromise  COVID opportunity
• For every pound of body weight  another “mile of vascular roadways”
• The ICU risk as well
as the risk of death
is statistically
related to the BMI
in a linear manner.
prevalence location:

>30 BMI prevalence:
1
1.3x
1.9x

gen pop

City 1

City 2

2.8x

City 3

Vitamin D is fat soluble and in high BMI
https://www.thelancet.com/action/showPdf?pii=S2213‐8587%2820%2930160‐1 you need 3X the normal daily dose

BODY MASS INDEX (BMI) Methodologies and Metrics

Or,

BMI = (lbs*703)/in**2 = (200*703)/(69)**2
= 140,600/4761 = 29.5  overweight status

Vitamin D Supplementation and COVID‐19: How much is BMI Dependent?
Vitamin D Deficiency is associated with
POOR COVID‐19 outcomes
Vit D3 intake of 1000 IU (25 mcg) raises
the serum levels by 4.8 ng/mL to a limit.
We desire to be >50 ng/mL ~ 10,000 IU/d

Clinical Trial (N ‐17,614 pts) serum vs supplement

As you increase the dose, the serum levels
plateau – a max is reached in equilibrium
with the body fat.
High BMI (>30 = obesity) affects Vit D
levels as it is fat soluble.
Thus, overweight people (BMI >30) need
to take MORE ‐ 3X the normal level
Vitamin D toxicity is actually very rare and
nursing homes do give 80,000 IU once
every 3 months; Those who got the dose
<1 mo from a COVID infection had more
favorable survival vs those dosed >2 mo.

MedCram Lecture on Vitamin D Deficiency and COVID‐19:
https://www.youtube.com/watch?v=ha2mLz‐Xdpg

The Pharmacology of Vitamin D3 and How NF‐Κβ is Controlled
3. blocking NF‐Κβ downregulates COVID‐19

NF‐Κβ =[ p50 p65 IΚβα ] complex

inflammatory signaling via IΚβα blockade

IΚβα
4. COVID‐19
NF‐Κβ

inflammatory
signaling,
aka “cytokine
storm”

IΚβα

The “Cytokine Storm” is initiated through the
actions of NF‐Κβ.
TNF/IL‐6 (other “ligands”) act on the IKKn IKKa
signaling motif where IKK “neutral” becomes
“active” (phosphorylation) and initiates nuclear
NF‐Κβ activity.
This process is rapidly damped by A20 and IΚβα
where A20 forces IKKa back to IKKn and IΚβα
damps NF‐Κβ signaling.
A20 is a class of Cys2/Cys2zinc finger proteins.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605797/

1. Vitamin D3 (VD3)
Interacts with the
vitamin D receptor (VDR)
plus the retinoid X
receptor (RXR) a steroid
nuclear receptor

2. The [VD3 + VDR + RXR] complex
activates genes (into proteins) that can
block the NF‐Κβ (p50 p65 IΚβα )
phosphorylation thus shutting down the
action of cytokine release by preventing
nuclear access of p50/p65 (p65=relA)

“Cytokine Storm” out of control
More ligands  more IKKa  more
cytokines into a vicious cycle
NF‐KB required involvement;
https://stke.sciencemag.org/content/14/666/eaaz4382

The Pharmacology of A20 and How it Controls NF‐Κβ
https://www.nature.com/articles/cmi201159.pdf

TNF/TNFR1

NF‐Κβ

IL‐1/IL‐1R

NF‐Κβ

LEFT: Mechanisms of NF‐kB inhibition by A20 in the TNFR1 signaling pathway. A20 is induced by NF‐kB in the TNFR1
pathway and functions in creating a negative feedback loop
RIGHT: Mechanisms of NF‐kB inhibition by A20 in IL‐1R/TLR4 signaling pathways. A20 is induced by NF‐kB downstream of
IL‐1R/TLR4. TAX1BP1 cooperates with A20 to disrupt the interactions between the E3 ligase TRAF6 and the E2 enzymes
Ubc13 and UbcH5c upon IL‐1R/TLR4 stimulation. At later times, A20 conjugates K48‐linked polyubiquitin chains on the E2
enzymes to trigger their proteasomal degradation. TAX1BP1, Tax1‐binding protein 1.

The [VitD3 RXR VDR] Complex Damps NF‐KB and Controls the “Cytokine Storm”
•

•

•

Cells receive a wide range of dynamic signaling inputs
during immune regulation. Using a microfluidic single‐
cell analysis and mathematical modeling the authors
showed how the NF‐Κβ pathway responds to immune
inputs that vary over time such as increasing,
decreasing, or fluctuating cytokine signals. NF‐Κβ
responds to the absolute difference in cytokine
concentrations and not to the concentration alone.
A negative feedback loop exists ‐ the regulatory
proteins A20 and IΚβα ‐ enable differential responses Schematics of the differentiator mechanism
to changes in cytokine dose by providing a short‐term • Before ligand stimulation, the NF‐ Κβ system is at a stationary
memory of previous cytokine concentrations and by
phase with most IKK in the neutral state (IKKn).
continuously resetting kinase cycling and receptor
abundance.
• Introduction of TNF/IL‐1β (“cytokines”) converts IKKn to IKKa
(neutral to active), which triggers the translocation of NF‐ Κβ
Cells use simple network factor dynamics to efficiently
into the nucleus (the first refractory period; NF‐ Κβnuc ).
extract information from complex signaling
• Translocation starts A20 synthesis, which inhibits IKKa
environments.
activated by TNF/IL‐1β and converts IKKa back to IKKn.
• A20 thus serves as “memory” of the previous stimulation by
dampening the subsequent response.
• Excess ligand‐receptor activation will overcome A20 inhibition.

A20 Negative Feedback and NF‐Κβ and the Control the Cytokine Storm
A20 controls IKK cycling that transmits information about TNF cytokine dose changes to NF‐Κβ
A20 is critical for sustained input differentiation
The importance of A20 and IΚβα parameters for differentiator behavior could be explained by the
dependence of A20 and IΚβα on the strength or dose of the previous TNF stimulation, which would
provide memory of the previous TNF stimulation by damping the subsequent NF‐Κβ response

NF‐Κβ circuit: how a cytokine input is regulated by

Kinase Cycling Dictates Receptor Abundance

the immune response through the A20 Negative
Feedback Loop.

NF‐KB required concentration gradients:
https://stke.sciencemag.org/content/14/666/eaaz4382

NF‐Κβ Network Simulation: the Role of A20 in Response “Memory”
TNFα/IL‐1β initiation of NF‐Κβ responses via IKKa
The red and blue curves represent the dynamics
of nuclear NF‐Κβ (red) and active IKK (blue)
levels under three different input dynamics (top)
yielding a pulsed response to 400 min:
1) Instantaneous A20
2) Graded set step A20
3) Increasing step A20
Model: TNFa/IL‐1b effect on IKKn  IKKa output
to affect NF‐Κβnuc (damped by IΚβα) over time
via A20 negative feedback
A. Strong A20 feedback  damped – but
proportional ‐ IKKa
B. Weak A20 memory (25% of original)  high
IKKa with no memory
C. A20 missing (no A20 feedback) 
exaggerated NF‐Κβ responses, esp from step
increases in TNF/IL‐1β

