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» Coronaviruses are a large family of viruses that cause disease in animals as well as humans. Many of the known
coronaviruses cause a range of respiratory infections in humans, ranging from the common cold to more severe

IlInesses such as and
« The newly discovered coronavirus is the cause of Covid-19 disease.

»  WHO. Questions and answers about the new Corona virus (Covid-19) 2020 [Available from: https://www.who.int/ar/emergencies/diseases/novel-coronavirus-2019-farsi/advice-for-public-farsi/q-

a-coronaviruses-farsi. ' '
b.talaei@kmu.ac.ir 2
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From the beginning of the appearance of this new coronavirus, researchers have been trying to find out the mechanism of
action of this virus. Recent research suggests that angiotensin-converting enzyme 2(ACE2), which is a part of the renin-
angiotensin system (RAS), acts as a major entry point for some coronaviruses.

Given the importance of Vitamin D in RAS and the regulation of ACE and ACEZ2, it seems that the use of Vitamin D can
be useful in the treatment of Covid-19.

1. Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, et al. Evolution of the novel coronavirus from the ongoing Wuhan outbreak and modeling of its spike protein for risk of human transmission. Science China Life Sciences. 2020;63(3):457-60.
2. Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et al. A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus—induced lung injury. Nature medicine. 2005;11(8):875-9.

3. Li YC. Molecular mechanism of vitamin D in the cardiovascular system. Journal of Investigative Medicine. 2011;59(6):868-71. 3
b.talaei@kmu.ac.ir



: | Blood pressure
|
e l 1 Blood flow to kidneys '

Juxtaglomerular . -
apparatus : RAS (O
in kidneys
Renin
Antiotensinogen Angiotensin |

lACE

P ACE: Angiotensin- Converting Enzyme

Adrenal cortex

v
Vasoconstriciton

ot aaioies ARB: angiotensin-receptor blocker

RAS: Renin-Angiotensin System

Salt and water
retention by kidneys

Negative feedback 'ﬁ'
resoonEse T Blood volume T Blood pressure



Renin-angiotensin system

Angiotensinogen - 5
R "/ SARS-CoV-2 G W
- ’//( ’/’/ /// ‘
1 Renin 4 /,/ t Acrack2
//
/7 i
- 1
Angiotensin I / s 5 |
Y 4 S '
¥ T ] - -
f Inflammation AT 1 Receptor o N 7
t Fibrosis m———  Aogiotensin 1N e '
>
+ Apoptosis P
l ACE2 f ” ‘ ACE/Ang IUVAT 1 axis
/ t ACE2/Ang-(1-7)Mas axis
~
~ <
~
Angiotensin-(1-7 S
2 (1-7) e
~ ]
¥ ]
~ = 1
Mas Receptor e :
» ~
™ .o
ACE: angiotensin-converting enzyme SARS.CoV-2
ACE2: angiotensin-converting enzyme 2 § Inflammation § Fibrosis § Apoptosis

b.talaei@kmu.ac.ir



S9)

A8 e ol s LS':“"?.‘W)Q o i (695 a5 &l eolo ylid 6 by Dlallas
S9y dgaS A LML a5 Cewl 00l csdlive pumen

.a.s)b

« Several studies have shown that zinc plays an important role in the immune system.
* [t has also been observed that people with zinc deficiency have an increased susceptibility to a variety of pathogens

®  Shankar AH, Prasad AS. Zinc and immune function: the biological basis of altered resistance to infection. The American journal of clinical nutrition. 1998;68(2):447S- 63S. b.talaei@kmu.ac.ir 6
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« Studies have shown that zinc in combination with antiviral drugs can boost the immune system and help Stopping the
proliferation of COVID-19.

* A number of anti-inflammatory properties of zinc have also been observed, which reduce the risk of infection.
Researchers believe that these antiviral and anti-inflammatory effects of zinc are due to the generating both innate and
acquired (humoral) immune responses and facilitation of the normal functioning of the innate immune system.

* Therefore, the researchers studied zinc in the face of Covid-19 disease.

Kumar A, Kubota Y, Chernov M, Kasuya H. Potential Role of Zinc Supplementation in Prophylaxis and Treatment of COVID-19. Medical Hypotheses. 2020:109848.

b.talaei@kmu.ac.ir 7
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« Examination of clinical course data from patients with Covid-19 showed that adequate zinc status was associated
with reduced lung inflammation, improved mucociliary clearance, reduced ventilator-induced lung damage, and
modulated antibacterial and antiviral immunity.

Skalny AV, Rink L, Ajsuvakova OP, Aschner M, Gritsenko VA, Alekseenko SI, et al. Zinc and respiratory tract infections: Perspectives for COVID-19. International Journal of Molecular Medicine. 2020;46(1):17-26.

8
b.talaei@kmu.ac.ir
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 several clinical trials have also shown that zinc supplementation is associated with decreased oxidative stress
biomarkers and decreased inflammatory cytokines. Given this, and considering that viral infections such as Covid-
19, influenza, and many others are usually associated with increased oxidative stress, which leads to cellular and
tissue damage. This function of zinc can be helpful in the treatment of COVID-109.

® .Prasad AS, Beck FW, Bao B, Fitzgerald JT, Snell DC, Steinberg JD, et al. Zinc supplementation decreases incidence of infections in the elderly: effect of zinc on generation of cytokines and oxidative stress.
The American journal of clinical nutrition. 2007;85(3):837-44.

Hoang BX, Hoang HQ. Zinc lodide in combination with Dimethyl Sulfoxide for treatment of SARS-CoV-2 and other viral infections. Medical Hypotheses. 2020:109866.

b.talaei@kmu.ac.ir
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 Vitamin C is one of the micronutrients, which also act as an antioxidant beside its other functions.
And due to its antioxidant properties, it seems to have protective properties against coronavirus.

Hemila H. Vitamin C and SARS coronavirus. Journal of Antimicrobial Chemotherapy. 2003;52(6):1049-50.

Zhang L, Liu Y. Potential interventions for novel coronavirus in China: A systematic review. Journal of medical virology. 2020;92(5):479-90.

11
b.talaei@kmu.ac.ir
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 Possible roles of antioxidants include increasing the number of T cell subsets, promoting lymphocyte response to nitrogen, and enhancing the
activity of natural killer cells.

 as mentioned, vitamin ¢ has potent antioxidant effects and due to these effects, it boosts the immune system and has antiviral and anti-
inflammatory properties.

e Therefore, it can be used in the treatment of Covid-19.

Chandra RK. Effect of vitamin and trace-element supplementation on immune responses and infection in elderly subjects. LANCET-LONDON-. 1992;340:1124-.

Pauling L. Vitamin C and the common cold. Canadian Medical Association Journal. 1971;105(5):448.
b.talaei@kmu.ac.ir 12
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* In the studies looking for adjuvant therapy for COVID-19, it has been shown that vitamin C can be effective in reducing

inflammation in the lungs and therefore may play an important role in the recovery of the lungs following coronavirus
Infection.

« Another important study in this field used a combination of quercetin and vitamin C. This study showed that the
antioxidant and anti-inflammatory effects of quercetin are enhanced when taken with vitamin C, and since the use of
these two has no costs and side effects, it is highly recommended for early treatment of Covid-19.

Colunga Biancatelli RML, Berrill M, Catravas JD, Marik PE. Quercetin and Vitamin C: An Experimental, Synergistic Therapy for the Prevention and Treatment of SARS-CoV-2 Related Disease (COVID-19). Frontiers in Immunology. 2020;11:1451.

b.talaei@kmu.ac.ir 13
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 Also, in the investigation on the ventilation time between the vitamin C modification group and the control group. There
Is ample evidence that vitamin C reduces the duration of mechanical ventilation.

» A number of human-controlled trials have linked vitamin C to pneumonia. The results showed that the prevalence of
pneumonia was significantly lower in vitamin C-supplemented groups. And since Covid-19 disease, like pneumonia,
affects the respiratory tract, vitamin C may be one of the effective adjunctive therapies.

Hemild H, Chalker E. Vitamin C may reduce the duration of mechanical ventilation in critically ill patients: a meta-regression analysis. Journal of Intensive Care. 2020;8(1):15.
Tan SHS, Hong CC, Saha S, Murphy D, Hui JH. Medications in COVID-19 patients: summarizing the current literature from an orthopaedic perspective. International Orthopaedics. 2020:1.
Glazebrook A, Thomson S. The administration of vitamin C in a large institution and its effect on general health and resistance to infection. Epidemiology & Infection. 1942;42(1):1-19.

Hemild H. Vitamin C intake and susceptibility to pneumonia. The Pediatric infectious disease journal. 1997;16(9):836-7. b.talaei@kmu.ac.ir 14
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« B vitamins are a large group of water-soluble vitamins.

« Each vitamin in this group plays its own important role in the body and in the normal functioning of
the immune system (Table 1).

» And their deficiency increases the risk of various infectious diseases by causing disorders in the body

b.talaei@kmu.ac.ir 15
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« Studies have shown that subclinical riboflavin deficiency may lead to increased plasma homocysteine levels, which
may increase the risk of cardiovascular disease. Which is one of the risk factors for Covid-19.

Powers HJ. Riboflavin (vitamin B-2) and health. The American journal of clinical nutrition. 2003;77(6):1352-60.

Keil SD, Bowen R, Marschner S. Inactivation of M iddle E ast respiratory syndrome coronavirus (MERS-C o V) in plasma products using a riboflavin-based and ultraviolet light-based photochemical treatment. Transfusion.
2016;56(12):2948-52.

b.talaei@kmu.ac.ir 16
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 Vitamin B3 also called nicotinamide, has been shown that can boost, the killing of Staphylococcus aureus.

* In addition, treatment with vitamin B3 significantly inhibited neutrophil infiltration into the lungs due to its potent
anti-inflammatory effect during ventilator-induced lung injury.

Kyme P, Thoennissen NH, Tseng CW, Thoennissen GB, Wolf AJ. Kenichi shimada, Utz O. Krug, Kunik Lee, Carsten Muller-Tidow, Wolfgang E. Berdel, W. David, Hardy, and Adrian F. Gombart. Journal of Clinical
Investigation. 2012.

Jones HD, Yoo J, Crother TR, Kyme P, Ben-Shlomo A, Khalafi R, et al. Nicotinamide exacerbates hypoxemia in ventilator-induced lung injury independent of neutrophil infiltration. PloS one. 2015;10(4):e0123460.

b.talaei@kmu.ac.ir 17



B og,5 slo opmeling

D10 s (el e 58 (oate G (] g ogdle wnl 3L 590 (uiig e gilie ;0 BO (pelng @

 Vitamin B6 is needed in the metabolism of protein, besides that, it has an important role in the immune system.

Zhang L, Liu Y. Potential interventions for novel coronavirus in China: A systematic review. Journal of medical virology. 2020;92(5):479-90.

18
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Micronutrient Impact of deficiency on immune functions

* |ess antibody responses.
* Lymphocytopenia.

Vitamin B6 ¢ Reduced lymphoid tissue weight .
* disrupted lymphocyte maturation and growth,
even with low deficiency .
e restricted NK cell activity .
Vitamin B12 e suppressed T-cell proliferation .

reduced number of lymphocytes .
* |Impaired antibody response .
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Impact of supplementation on immune functions

* Helps to repair cell-mediated immunity .
* Can make lymphocyte maturation and growth better
and increase numbers of T-lymphocytes .

* Increases numbers of cells that play a role in cell
mediated immunity.
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* The primary biological roles of Vitamin A are maintenance of vision, growth, and the integrity of epithelial and mucous

tissue. but it is proven that vitamin A has an important role in boosting the immune functions and also has a regulatory
role in both the innate immune system and adaptive immunity.

Huang Z, Liu Y, Qi G, Brand D, Zheng SG. Role of vitamin A in the immune system. Journal of clinical medicine. 2018;7(9):258. b.talaei@kmu.ac.ir 20
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* It is reported that adequate Vitamin A can help against infections. its supplementation has been shown to reduce morbidity
and mortality in some infectious disorders such as human immunodeficiency virus (HIV) infection, malaria and etc.
Therefore, due to these key roles and these harmful effects of vitamin A deficiency, it seems that vitamins play an

Important role in the process of fighting this disease.

Semba RD. Vitamin A and immunity to viral, bacterial and protozoan infections. Proceedings of the Nutrition Society. 1999;58(3):719-27.

21
b.talaei@kmu.ac.ir
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» the effect of enhancing immune response is due to the antioxidant effect of Vitamin E, by which it can prevent lipid
peroxidation in cell membranes. However, some researchers have indicated it seems Vitamin E may have more specific
roles in the immune system, such as Regulation of prostaglandin formation in addition to its antioxidant effects.

Bendich A, Gabriel E, Machlin LJ. Dietary vitamin E requirement for optimum immune responses in the rat. The Journal of nutrition. 1986;116(4):675-81

Gebremichael A, Levy EM, Corwin LM. Adherent cell requirement for the effect of vitamin E on in vitro antibody synthesis. The Journal of nutrition. 1984;114(7):1297-305.
22
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« There is limited information available on the association between vitamin E deficiency and infectious diseases in humans.
However, there have been reports of intensifying or increased risk of viral infectious diseases in animals. According to
these reports, and given the effective role of vitamin E in the immune system and cellular defense, attention to vitamin E
Is essential for such viral infections as Covid-19.

Beck MA. Increased virulence of coxsackievirus B3 in mice due to vitamin E or selenium deficiency. The Journal of nutrition. 1997;127(5):966S-70S.

Nonnecke B, McGill J, Rid%ath J, Sacco R, Lippolis J, Reinhardt T. Acute phase response elicited by experimental bovine diarrhea virus (BVDV) infection is associated with decreased vitamin D and E status of vitamin-replete preruminant calves. Journal of
dairy science. 2014;97(9):5566-79.

b.talaei@kmu.ac.ir 23
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» Obesity has been shown to have significant effects on the immune system.

» Obesity disorders can also affect the integrity of lymphatic tissues and the distribution of leukocyte subsets. Which
can increase the risk of infectious diseases, because obesity is seen to be associated with negative outcomes in
H1N1 pandemic infection.

Marti A, Marcos A, Martinez JA. Obesity and immune function relationships. Obesity reviews. 2001;2(2):131-40.
Kanneganti T-D, Dixit VD. Immunological complications of obesity. Nature immunology. 2012;13(8):707-12.

Huttunen R, Syrjénen J. Obesity and the risk and outcome of infection. International journal of obesity. 2013;37(3):333-40.

24
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» Recent studies indicate that obese COVID-19 patients are more likely to receive mechanical ventilation and have a higher
mortality rate.

» Also, in an investigation on the association between obesity and the severity of COVID -19, it has been observed that
obese and overweight patients have a higher risk of more severe clinical symptoms during SARS-CoV-2 infection.

Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J, Duhamel A, et al. High prevalence of obesity in severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) requiring invasive mechanical ventilation. Obesity. 2020.

Busetto L, Bettini S, Fabris R, Serra R, Dal Pra’ C, Maffei P, et al. Obesity and COVID-19: an Italian snapshot. Obesity. 2020.
25
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« As some articles show, obesity and subsequent metabolic syndrome can cause damage to organs, including the lungs, leading to dysfunction in
the face of such stress as Covid-19.

« it has been shown Obesity increases the expression of ACE2, which binds tightly to the virus s protein and turns adipose tissue into a portal for
virus invasion.

Shah D, Romero F, Guo Z, Sun J, Li J, Kallen CB, et al. Obesity-induced endoplasmic reticulum stress causes lung endothelial dysfunction and promotes acute lung injury. American journal of respiratory cell and molecular biology. 2017;57(2):204-15.

Caussy C, Wallet F, Laville M, Disse E. Obesity is associated with severe forms of COVID-19. Obesity. 2020.

Csige |, Ujvarosy D, Szab6 Z, Lérincz |, Paragh G, Harangi M, et al. The impact of obesity on the cardiovascular system. Journal of Diabetes Research. 2018;2018.

26
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Sanchis-Gomar F, Lavie CJ, Mehra MR,
Henry BM, Lippi G. Obesity and Outcomes in
COVID-19: When an Epidemic and Pandemic
Collide. Mayo Clinic Proceedings.
2020;95(7):1445-53.
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« Studies have shown that high salt intake (NACL) is involved in cardiovascular disease, chronic inflammation,
autoimmune diseases and cancer.

Mozaffarian D, et al. Global sodium consumption and death from cardiovascular causes. N Engl J Med. 2014;371(7):624-634. doi: 10.1056/NEJMo0al304127

He FJ, Li J, Macgregor GA. Effect of longer-term modest salt reduction on blood pressure. Cochrane Database Syst Rev. 2013;4
29
b.talaei@kmu.ac.ir
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« Today, studies have shown that high salt intake affects not only general health but also on the immune system health and leads it to dysfunction
(Figure 8,9).

« Therefore, following the unprecedented low prevalence of this new coronavirus, researchers are increasingly emphasizing salt control.

Binger KJ, Gebhardt M, Heinig M, et al. High salt reduces the activation of IL-4- and IL-13-stimulated macrophages. J Clin Invest. 2015;125(11):4223-4238. doi:10.1172/JCI80919

Afroz KF, Alvifia K. Maternal elevated salt consumption and the development of autism spectrum disorder in the offspring. J Neuroinflammation. 2019;16(1):265. Published 2019 Dec 14. doi:10.1186/s12974-019-1666-2
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 Given that current curing options are limited and there is no definite treatment or vaccine for this disease and since
an optimal nutritional status is necessary to avoid such viral diseases There is a need to pay more attention to the
nutritional status of people.
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medRxiv

BMJ Nutrition,
Prevention & Health

Aging Clinical and
Experimental
Research

Nutrients

Diabetes &
Metabolic
Syndrome: Clinical
Research &
Reviews

2020

2020

2020

2020

2020

America

Europe

Europe

Switzerland

UK

Vitamin D
. Journal | Year | country | Studydesign | Studypopulation |  outcomes |

Cohort

Survey

Short
communication

Brief Report

Data-analysis

20 of hospitalized
COVID-19 patients

European
countries

107 patients who
were tested for
COVID-19

449 patients with
confirmed COVID-
19 infection

vitamin D insufficiency was present in 75%
of the overall cohort and in 85% of those
who required ICU care

countries with highest rate of vitamin D
deficiency are associated with highest
rates of infection and death

negative correlation between historical
mean25-OHD concentrations with COVID-
19 mortality and number of cases

The PCR test was negative for patients
with higher median Vit D levels

findings do not support a potential link
between vitamin D concentrations and
risk of COVID-19 infection



Mean level of vitamin D, cases of COVID-19/1 M and deaths caused by COVID-19
(8th April 2020)

Countries Vit D(25 )HD Cases of Deaths caused
mean (nmol/L)) COVID- by COVID-
19/1T M 19/1 M
Island 57 4736 18
Norway 65 1123 19
Sweden 73.5 834 68
Finland 67.7 449 7
Denmark 65 o33 38
UK 47.4 895 105
Ireland 56.4 1230 48
Netherlands 59.5 1199 131
Belgium 49 3 2019 193
Germany 50.1 1309 25
France 60 1671 167
Switzerland 46 2686 103
Italy S50 2306 202
Spain 42.5 3137 314
Estonia 51 893 18
Czech Republic 62.5 488 9
Slovakia S81.5 125 0.4
Hungary 60.6 93 6
Turkey 51.8 453 10

Portugal 39 1289 37




/inc & Selenium

International
Journal of
Infectious Diseases

PLoS pathogens

The open
respiratory
medicine journal

Nutrients

Am J Clin Nutr

YoV

2010

2011

YV

2020

America

The
Netherlands

Finland

Germany

China

Case-report 4

Invitro = -

Systematic

; 1407
Review

Selenium

cross-sectional 33

population-
based,

retrospective
analysis

initiation of high dose zinc salt lozenges
caused symptomatic and objective
improvement

the combination of zinc and pyrithione at
low concentrations inhibits the replication
of SARS coronavirus (SARS-CoV)

shows strong evidence that the zinc
lozenge effect on common cold duration is
heterogeneous

selenium status were significantly higher
in surviving COVID-19 inpatients (n = 27)
compared with non-survivors (n = 6)

show an association between the
reported cure rates for COVID-19 and
selenium status
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Micronutrient

Vitamin A

Vitamin E

Vitamin C

Vitamin B6

Impact of deficiency on immune functions

Movement dysfunctions in T and B cells in the
intestine

Disturbed innate immunity

Reduction in number and killing activity of NK cells
A decrease in number and distribution of T cells

disrupted humoral and cell-mediated aspects of
adaptive immunity including B and T cell function

more oxidative damage
disrupted wound healing

less antibody responses

Lymphocytopenia

Reduced lymphoid tissue weigh

disrupted lymphocyte maturation and growth, even
with low deficiency

Impact of supplementation on immune functions

Improves antibody titer response to vaccines
Retinoic acid modulates specific microbiota in
the gut

Helps reverse bad effects on immune functions
of neutrophils, eosinophils, NK cells, and
macrophages

makes overall immune function better

Antioxidant functions protect leukocytes and
lymphocytes from oxidative stress

Helps to repair cell-mediated immunity
Can make lymphocyte maturation and growth
better and increase numbers of T-lymphocytes



Micronutrient Impact of deficiency on immune functions Impact of supplementation on immune functions

» restricted NK cell activity * Increases numbers of cells that play a role in cell
* Significant reduction in cells that play role in cell- mediated immunity
mediated immunity
suppressed T-cell proliferation
* reduced number of lymphocytes
Impaired antibody response

Vitamin B12

* disrupted NK cell activity  Useful effects in intestinal immune functions
* disrupted phagocytosis by macrophages and * Increases cytotoxicity of NK cells
neutrophils * Increases numbers of cytotoxic T cells

e disrupted generation of oxidative burst
Zinc * reduced lymphocyte proliferation and function,
especially T cells
» disrupted antibody response to T cell-dependent

antigens
e restriction of immune function * enhances cell-mediated immunity
Selenium e disrupted humoral and cell-mediated immunity « enhances T helper cell counts
disrupted cell-mediated immunity * improves immune response to viruses in deficient

* reduced response to vaccination individuals



Micronutrient  Impact of deficiency on immune functions Impact of supplementation on immune functions

» changed gut microbiota composition e Calcitriol helps to rehabilitate the immune function of
e decreased number of lymphocytes macrophages
Vitamin D * Impaired immune ability of macrophages

(including antimicrobial functions)

* suppressed T-cell proliferation e Canimprove innate immunity in elderly
* limits proliferation of cytotoxic T cells * modifies age-associated decrease in NK-cell activity
* Disrupted immunoglobulin secretion
Folate :
. reduced antibody response
* reduced NK-cell activity e recuperated Intracellular microbial killing and cellular
Iron * Disrupted cellular immunity immunity
* reduced response to mitogens
_ _ _ , * Increased capability of neutrophils to engulf pathogens
* Impaired immune response to infections .
Copper e overmuch copper can have a negative impact on the

* Increased viral virulence _
immune response
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