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Components of Immune System
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Factors Affecting the Immune Response
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Important Role of Nutrition in Strengthening the Immune System

i Probiotics: increase maturation of DC. Vitamin A, E, C, D, Zn, Fe, Mg, Se, Cu, |,
Balanced Diet SCFAs: regulation activity of DC. polyphenols, probiotics, SCFAs, omega 3, amino
Polyphenols: differentiation ad acids and fasting:

Vitamin A, C, D, B, Fe, Se, Cu, polyphenols,
proteins and problotics:
Increase the activity of neutrophils and

phagocytosis

maturation of DC. Regulate inflammation response by regulating

cytokine release
l O Vitamin A, E, C, BY, B12, Mg, Zn,

Se, Cu, |, amino acids, probiotics:
l Thi cel ’

Maintain and increase antibody

Vitamin A, C, E, B, Zn, Se, Cu, |, polyphenols, :
production and development

amino acids and probiotics: ’
Regulate number and function of NK cells ﬁ( Viral |cI!elaSrance
—— - -
,' mu cell < c IFNa/IFN-b
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proliferation of macrophages o IL-21

ymphncyss l Th cell
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“ Memory B cell
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Vitamin A, E, B, C, D, Zn, Fe, Mg, Se, Cu, |, polyphenols, L)

probiotics, SCFAs, amino acids and fasting: Antibodies

Vitamin A, C, E, D, B, Fe, Zn, |, polyphenols,
proteins, SCAFs and probiotics:

SPPOIE ECTCN SINIIE ANOR KON Development and differentiation of T and B cells, O Anﬂcens
Chaari A, et al. Front Public Health. 2020;8:476.
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Malnutrition Related Conditions and the US Adult Patients with COVID-19

OVERALL, ONE OR MORE UNDERLYING CONDITION
COVID-19 ASSOCIATED HOSPITALIZATION RELATED TO UNDERLYING MEDICAL CONDITIONS

FACTORS THAT INCREASE COMMUNITY SPREAD AND INDIVIDUAL RISK

CROWDED CLOSE / PHYSICAL DURATION
ENCLOSED SPACE
SITUATIONS CONTACT OF EXPOSURE

RISK FOR HOSPITALIZATION IF YOU HAVE ANY OF THESE CONDITIONS AND

OBESITY 'GET COVID-19 COMPARED TO PEOPLE WITHOUT THE CONDITION(S). ;':‘“":*M“""‘
with the referenced condhions
‘yovars COVTS finess.
LT ot
conditions that hnpm
CHRONIC LUNG DISEASE statu, access 1o health care,
and Increased exposure to the
. _ infrastructure workers)
DIABETES ACTIONS TO REDUCE RISK OF COVID-19
28.3% SOCIAL DISTANCING
(6 FT GOAL) HAND HYGIENE
CARDIOVASCULAR DISEASE
27.8% Source: Ko 1Y, Dantshon ML, Town M et 3 200
Karina Zaiets and Ramon Padilla.USA TODAY.2020.
CDC.2021. https://www.cdc.gov/aging/covid19-guidance.html
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Assoclation between 10 Critical Micronutrients Intake
and Prevalence of COVID-19 In Europe

Spain Bel gium Italy UK France Netherlands Portugal Germany Denmark Fnland Spain Belgmum Italy UK France Nethedands Portugal Germany Denmark  Finland
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k.

:

Population intake (z-score) of relevant vitamins and Population intake (z-score) of relevant minerals and
epidemiological COVID-19 features epidemiological COVID-19 features

Karina Zaiets and Ramon Padilla.USA TODAY.2020.
CDC.2021. https://www.cdc.gov/aging/covid19-guidance.html
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The Nutritional Support System Increases Survival and
Decreases Mortality in Severe Patients with COVID-19

~

COVID-19 (Stage 111) 30-75 years Comorbidities (diabetes, hypertension and/or obesity) Eating ability
CONTROL GROUP (CG) n=40 INTERVENTION GROUP (IG) n=40
1. Medical treatment and hospital diet. T@? ' - 1. Medical treatment and hospital diet. T@? l. -
= K -l @
-1 2. Nutritional Support System (NSS): -ty
« 2 envelopes (Spirulina Maxima, Folic acid, =y
glutamine, vegetable protein, ascorbic acid,
zinc, selenium, cholecalciferol, resveratrol,
Omega-3 fatty acids, L-Arginin, and X
magnesium) - 21 days.
« Survival 82.5%. « B- Complex IV -5 days. [
« Mortality 17.5% (7 deaths). « Saccharomyces boulardii - 6 days 4

« Progression to Mechanical Ventilation
Assistance (MVA) 17.5%.

« Survival in patients with MVA 71.4% (S deaths).

« Greater need for supplemental oxygen and
more depressive symptoms.

« Survival 97.5%.

« Mortality 2.5% (1 death)

« Progression to MVA 7.5%

« Survival in patients with MVA 33.5% (1 death).

« Worse q-SOFA scale and gastrointestinal « Less need for supplemental oxygen and
symptoms, depressive symptoms.
« Better q-SOFA scale and gastrointestinal
symptoms.

Leal-Martinez F, et al. Int J Environ Res Public Health. 2022;19(3):1172.
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Healthy Plant-based Diet and Risk & Severity of COVID-19

St u d v De S. g I I ° A Whole-Food, Plant-Based Diet
| ) Ly Total Mo. of COVID-19 cases  Adjusted HR
h as oat, al i, rice and soy.  A&F \  (1/2 cup cooked s of
*Use ) e day.

Subgroup - iond [85% Ci] F Value
A prospective cohort study

Participants: Low Socioecanomic Deprivation
592,571 adults in the UK & US High hPDI

Imermeadiate FLH 7] 133,557 6,138/882602 1.02(097-1.06] 0481

86,714  20916/446622 1.00Referance)

What are the new findings:
Low hPD . 3 80,758  3.495/388.407 1.08[1.03-1.14] 0.002

 Higher healthy plant-based foods

Infermediale SotDaconOMI Diepriation

intake was associated with lower High hPDI - 56354  2.005/372064 1.12(1.08-1.18] <0.001
risk and severity of COVID-19. Inermediate hPD) = 10BH0 5,860/ 731,895 1.09(1.04-1.15] <0.001
e This association may be Law KFDI '} 56143  3,.810/350896 1.23(1.17-1.29] <0.001
. . High Socioaconomic Deprivation
particularly evident among
High hPDI I 15053  9,70/07,708 1.28(1.18-1.37] <0.001
IndIVIduaIS IIVIng IN areas Wlth Imermediate hPDI : B 31,580 215827202751 1.33]1.25-1.40] =0.001
higher socioeconomic Law hPDI ] 20752 1,787 /126,752 1.47[1.38-1.56] <0.001
deprivation. 0.50 10 20

Estimated COVID risk, HR (95%L)

hPDI, healthful Plant-Based Diet Index.

Merino J, et al. Gut. 202;70(11):2096-2104.
https://plantbasedhealthprofessionals.com/plant-based-diet-index.
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Anti-Inflammatory and Immune-

Enhancing Dietary Components

Almond Ginseng Purple Angelica Tarragon Basil

(Prunus dulcis) (Panax ginseng) (Angelica atropurpurea) (Artemisia dracunculus)

e Allicin - onions

 Catechins - green tea
 Cinnamaldehyde - cinnamon
« CUrcumin - turmeric

» Lycopene - tomato products,
watermelon

(orcvia mrgosana) Al satvor Gngberoficinal)  (Gheyrhagabrel  (Copsicum annaum » Omega-3 fatty acids
 Polyphenols - tea, berries
 Resveratrol - grapes

SO o | A— (Casiiii?,i';m) () « Sulforaphane and di-indolylmethane
- broccoli/cruciferae

Black Pepper Celery Seed Cinnamon Clove Coriander

(Piper nigrum) (Apium graveolens) (Cinnamomum verum) (Syzygium aromaticum) (Coriandrum sativum)

| S N - :7“-."-"" :
é J
o o L ~

< P

Kannappan R, et al. Mol Neurobiol.2011;44:142-159.

Turmeric _ T
(Curcuma longa) Cardozo L, Biochimie, 2013
Immune Boosting Nutrition: Uncovering New Lifestyle Behaviors

I S |
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Mediterranean Diet and Risk & Severity of COVID-19

Table 1. Associations (ORs and 95% ClIs) between dietary quality scores and risk of SARS-CoV-2 infection in the

StUdV DESig n. Nurses’ Health Study II and Health Professionals Follow-up Studyl

A prospective cohort study ol 04 P Continuons?

Participants: AMED

42 935 nurses and health Cases/noncases,* n 495/3678 417/4690 1941/17.813
T | Model 1 | (ref.) 0.67 (0.58, 0.77) =0.0001 0.85 (0.82, 0.90)

professionals aged 55-99 yearsin  njodel 2¢ | (ref.) 0.76 (0.65, 0.89) 0.0008 0.89 (0.84, 0.94)

the US Model 37 1 (ref.) 0.78 (0.67, 0.92) 0.0032 0.90 {0.85, 0.95)

Model 3 + IPW* 1 (ref.) 0.79 (0.67, 0.94) 0.0091 0.90 {0.85, 0.96)

What are the new findings:
Adherence to a Mediterranean-  Dietary quality scores

IAMED, alternative Mediterranean Diet; 8Multivariable logistic regression models were used. IPW: probability of receivinga COVID-19 test. Q, auartile

Mediterranean Diet Pyramid
A contemporary approach to delicious, healthy eating

style dietary pattern was
inversely associated with risk of

COVID-19 infection and its
severity.

(ases OR (35%Cl)t :
AMED Tested negative asymptomatic§ 1 (ref) B

Tesled positve asymplomatic 093(0.82,1.05) ==

Tested positive with independent symptoms# 086 (0.75,098) -

Tested positve with assistant-needed symptoms™ 066 (081,092 &

Tested positive with hospitalizationtt 080(0.66,097) ~l— oo ) G INT
____________ DIOEIORODUMIEY - oo e OUR s s :

Figure 1. Associations (ORs and 95% ClIs) between 1-SD increments of AMED scores and k-
COVID-19 severity in the Nurses’ Health Study II and Health Professionals Follow-up Study. -
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Yue 'Y, etal. Am J Clin Nutr.2022:ngac219.
Martinez-Gonzalez MA, et al. Circ Res. 2019;124:779—798.
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Which Salmon Do You Like?

L N

Inappropriate cooking could destroy anti-inflammatory and immune-enhancing nutrients.

https://40aprons.com/blackened-salmon/
https://www.diabetesfoodhub.org/recipes/alaska-salmon-with-orange-and-watercress.htmi
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Why Are the Results Different?
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Abstract: Retrospective studies showed a relationship between vitamin D status and COVID-19
severity and mortality, with an inverse relation between SARS-CoV-2 positivity and circulating
calcifediol levels. The objective of this pilot study was to investigate the effect of vitamin D sup-
plementation on the length of hospital stay and clinical improvement in patients with vitamin D
deficiency hospitalized with COVID-19. The study was randomized, double blind and placebo
controlled. A total of 50 subjects were enrolled and received, in addition to the best available COVID
therapy, either vitamin D (25,000 IU per day over 4 consecutive days, followed by 25,000 IU per
week up to 6 weeks) or placebo. The length of hospital stay decreased significantly in the vitamin
D group compared to the placebo group (4 days vs. 8 days; p = 0.008). At Day 7, a significantly
lower percentage of patients were still hospitalized in the vitamin D group compared to the placebo
group (19% vs. 54%; p = 0.0161), and none of the patients treated with vitamin D were hospitalized
after 21 days compared to 14% of the patients treated with placebo. Vitamin D Significantly reduced
the duration of supplemental oxygen among the patients who needed it (4 days vs. 7 days in the
placebo group; p = 0.012) and significantly improved the clinical recovery of the patients, as assessed
by the WHO scale (p = 0.0048). In conclusion, this study demonstrated that the clinical outcome of
COVID-19 patients requiring hospitalization was improved by administration of vitamin D.

Keywords: vitamin D; cholecalciferol; calcifediol; COVID-19; SARS-CoV-2; hospitalization

JAMA | Original Investigation

Effect of a Single High Dose of Vitamin D; on Hospital Length of Stay
in Patients With Moderate to Severe COVID-19

A Randomized Clinical Trial

Igoer H. Mural, FhiDl; Alan L. Fernandes, Phiy; Lucas P Sales, M5c; Ana L Finto, B5c; Karla F. Goessler, PhOy;
Camilas. C. Duran, MD; Carla B. R. Sihva, MD; André 5. Franco, MD; Marina B. Macedo, MD, M5c:
Henmgue H. H. Dalmdin, MD; Janaina Bagee, MD; Guilharme G, K. Balbd, MD: Bruna Z. Rels, PhD;

Leila Antonangelo, MD, PhD; Valeria F. Caparbo, PhD; Bruno Gualano, FhiD; Rosa M. R. Pereira, MD, PhiD

& Editorial page 1047
IMPORTANCE The efficacy of vitamin D; supplementation in coronavirus disease 2019

N Supplemental content
(COVID-19) remains unclear. &3

OBJECTIVE To investigate the effect of a single high dose of witamin D3 on hospital length of
stay in patients with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This was a multicenter, double-blind, randomized,
placebo-controlled trial conducted in 2 sites in Sao Paubo, Brazil. The study included 240
hospitalized patients with COVID-19 who were moderately to severely ill at the time

of enraliment from June 2, 2020, to August 27, 2020. The final follow-up was on
October 7, 2020.

INTERVENTIONS Patients were randomly assigned to receive a single oral dose of 200000 1U
of vitamin Dy, {n = 120) or placebo (n = 120).

MAIN OUTCOMES AND MEASURES The primary outcome was length of stay, defined as the
time from the date of randomization to hospital discharge. Prespecified secondary outcomes
included mortality during hospitalization: the number of patients admitted to the intensive
care unit; the number of patients who required mechanical ventilation and the duration of
mechanical ventilation; and serum levels of 25-hydroxyvitamin D, total calcium, creatinine,
and C-reactive protein.

RESULTS Of 240 randomized patients, 237 were included in the primary analysis {mean [SD)
age, 56.2 [14.4] years; 104 [43.9% ] women; mean [SD] baseline 25-hydroxyvitamin D level,
209 [92] ng/mL). Median (interquartile range) length of stay was not significantly different
between the vitamin D, (7.0 [4.0-10.0] days) and placebo groups (7.0 [5.0-13.0] days)
{log-rank P = 59; unadjusted hazard ratio for hospital discharge, 1.07 [95% C1, 0.82-139);
P& 62). The difference between the vitamin D; group and the placebo group was not
significant for in-hospital mortality (7.6% vs 5.1%:; difference, 2.5% [95% O, -4.1% to 9.2%]:
P = 43), admission to the intensive care unit (16.0% vs 21.2%; difference, -5.2% [95% C1,
=151% to 4.7%); P = 30), or need for mechanical ventilation (76% vs 14.4%; difference,
=6.8% [95% C1, -151% to 1.296); P = 09). Mean serum kvels of 25-hydraxyvitamin D
significantly increased after a single dose of vitamin D; vs placebo (44.4 ng/mLvs 19.8
ng/mL; difference, 24.1 ng/mL [95%: 1, 19.5-28.7); P = .001). There were no adverse events,
but an episode of vomiting was associated with the intervention.

COMNCLUSIONS AND RELEVANCE Among hospitalized patients with COVID-19, a single high dose
of vitamin Dy, compared with placebo, did not significantly reduce hospital length of stay. The
findings do not support the use of a high dose of vitamin D, for treatment of moderate to

severe COVID-19. Author Alfiliations: Authar

affiEstions are Bred at the and of this

TRIAL REGISTRATION ClinicalTrials_powv ldentifier: NCTD4445718 article.
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Personalized Nutrition
ldentifying Metabolic Individuality

ResponderRespdigdeender 2 Responder 3

Why?
A Gene Polymorphisms
\' Gut bacteria
Optimal \ Health Status
function Gender
Age
I I I I I I I I I I
Level of a nutrient intake to meet requirement
T ——— Da-Costa KA, et al. FASEB J. 2014;28(7):2970-8.
Zeisel SH, et al. Adv Nutr. 2018,9(1):58-60.
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Personalized Nutrition
Genetic variation can create metabolic inefficiency.

Key Enzymes
Precursor Rty D S Bl B
) ‘== ~a = -3
(Nutrient Intake) 3 < =9 e il ="
S tn =t o= = Product
No Genetic Variation (Bioavailability)
Key Enzymes

—

-q_ =
e =9 e S d:-_-.
== %w%¥__.. "
= =4 4 _ ‘ - R
- =Q< = & PYeeNEt
— ioavailability)
(é?oavada%ﬂ%y)

Genetic Variation

Precursor ‘
(Nutrient Intake)

Zeisel SH, et al. Adv Nutr. 2018,9(1):58-60.
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Genetic Variants Influence Essential Nutrients’ Bioavailability
Assoclated with the Healthy Immune System

Table 2. List of nutrients with contribution to the functioning of the immune system endorsed by the European Food Safety Authority.

Micronutrient

SNP Affecting Status

[EFSA Cite] EFSA DRVs (Gene) Associated Trait Risk Allele Population Based Discovery Cite
) . . ) - 1380 European
T vitamin D-binding protein C . - .
Vitamin D AL 15 ug/day rs7041 (GC) | Serum Vitamin D ** C 8541 Mrlr:aP .-'f..m::rlr:an or [16,17]
(3,4] UL: 100 pg/day Afro-Caribbean
o ' rs1155563 (GC) | Serum Vitamin D C 761 European [18]
rsl27B5E7H ) ) . - -
y “ " 4
(NADSYNI) Vitamin D Deficiency C 16125 European [19]
Vitamin A PRI 650 (w)f50 (m) ug
(and B-carotens) KE/day rsh564851 (BOO1) 1 Serum Carotenoids T 1191 European [201]
[3] UL: 3000 ug RE/day
Vitamin C PRI 95 (w)/110 (m) m;._!;-'r:l'r.l],.l' re33972313 . R . ) .
[3.4] UL: ND (SLC23A1) 1 Serum Vitamin C A 9234 European [21]
Folate PRI: 330 ug DFE/day S e - .
' . 1801133 (MTHFRE Fol -id in red blood cell: | 2232 B '- 22
(5] UL: 1000 g DFE | day s [ ) 1 Folic acid in cells Uropean [
Vitamin Bg Al: 1.6 (w)/1.7 (m) m;.;-'da],r - . . - . ) -
5] UL: 25 mg/day rsd654748 (MBPF3) 1 Serum vitamin By C 2934 European [23]
rs11254363 (CUBN) | Serum vitamin By A 2934 European
Vitamin Bys PRI: 4 pg/day rs526934 (TCN1) | Serum vitamin By G 2934 European [23]
[5] UL: ND 602662 (FUT2) | Serum vitamin Bys G 2934 European y
| Serum vitamin Bys G 1001 South Asian [24]
S PRI*: 10.1 (w)/12.9 (m)
‘i”_ e mg/day rs2120019 (PPCDC) | Serum Zinc C 2603 European [25]
[6] UL: 25 mg/day

SNP, Single Nucleotide Polymorphism; Al, Average Intake; PRI, Population Reference Intake; UL, Tolerable Upper Intake Level; RE, Retinol Equivalents; ND, Not defined; DFE, Dietary Folate Equivalent.

Galmés S, et al. Nutrients. 2020 Sep 8;12(9):2738.
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One-carbon Metabolism Nutrients Intakes and Genetic Susceptibility
on Risk of Metabolic Syndrome among Multi-ethnic US Adults

é A Blood Biomarkers of - o ™
- it [nsulin Resistance Artificial
UM nutrients intalkes ' Systemic Inflammation . : L
Dratasets from (Mediator Variables) ., - -, mtellipence
{Folate, choline, betaine, ,f’f 1 - - Sy used (o
d ongoing vitamin B2, B6, and B12) s | ) |
prospective it Predictor Variah " / = e T _ capiure
cohort :> — 5 === Y / Metabolic different diet-
| > Svmdrome :: >
sindies: s ~, i T |::| ; gcne
4 7 | 1
HOHS/SOL Genetic risk scores v (Dicpouicn interaction
- ' : —=|  Wariahle)
CARDILA. Cremetic Variants genetic pattems on
ARIC encoding (MM enzvimes Mets nisk
. L9 W .
(N =32.195 \_ (Mam Predictor Vanables) ' among Mult-
y *  Social-demographic varinbles (age. pender. ethnic US
L5, elhrmeity, educabion, and BMI)
Hispanic * Lifestyle factors (smoking. alcolol consumption, Adults 1o
' phrysical activity, and supplement use) .
HBlack, and «  MoetS risk factors (blood biochemical index., and develop
: parental history of Met5)
White adults) « Field center, dietary variables related to both predictive
CHC M nuknents intakes and Mets _
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This research project aligns with the highlighted research focus:

“Precision Nutrition” in 2020-2030 Strategic Plan for NIH Nutrition Research.
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A Framework for Implementing Personalized Nutrition In
Heathy Immunity Promotion/Disease Prevention
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The Health + Resilience Research Network

Thank you!

TEXAS+/-STATE TEXASY¢STATE

UNIVERSITY TRANSLATIONAL HEALTH

RESEARCH CENTER

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE




	Slide 1: A Holistic Approach to Health, Immunity, and Post-COVID-19 Rehabilitation The Role of Nutrition
	Slide 2: DISCLOSURE
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Thank you!

