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ABSTRACT  

COVID-19 prevalence has developed into a pandemic 

epidemic. A novel coronavirus disease (COVID-19), triggered 

by SARS-CoV-2 contamination, has devastated 31 territories in 

China and over 206 nations around the world. There is no 

available drug and coronavirus vaccine. Immunity is an 

important factor in avoiding an attack on coronavirus. Vitamins 

are also important components of our diet and have long been 

known to affect the immune system. Over recent years, 

vitamins A, C and D have gained special attention, as it has 

been shown that these vitamins have an important and critical 

effect on the immune response. Vitamin A is involved in 

immune system growth and plays regulatory roles in cellular 

immune responses and in humoral immune processes. Through 

promoting various cellular roles of both the innate and the 

adaptive immune system, vitamin C contributes to immune 

defense. The innate and adaptive immune responses can be 

modulated by vitamin D. Finally, we discuss the therapeutic 

potential of the metabolites of vitamin A, C and D to modulate 

tissue-specific immune responses and to prevent and/or treat 

inflammation and autoimmunity against COVID-19. 
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INTRODUCTION 

SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) is a newly emerging 

human infectious coronavirus, native to Wuhan, China, which has spread rapidly in China 

and other countries since December 2019 (1). The World Health Organization (WHO) also 

declared a global emergency on 31 January due to rising fears about its rapid spread, and the 

disease was recognized as a pandemic on 11 March. Various people diagnosed with COVID-

19 will experience mellow to direct respiratory disease and recover without needing special 

care. Older people and those with secret health conditions such as cardiovascular disorder, 

diabetes, unceasing respiratory disease and malignancy are expected to cause genuine illness 

(2-5). CoVs often cause respiratory and gastrointestinal symptoms in humans ranging from 

common cold to more serious illnesses such as bronchitis, pneumonia, extreme Acute 

Respiratory Distress Syndrome (ARDS), coagulopathy, multi-organ failure, and death (6–10). 

Human coronaviruses (HCoVs) have also been linked with chronic obstructive pulmonary 

disease exacerbations; (11) cystic fibrosis (12) and asthma (13, 14). 

CORONAVIRUS 

The word 'coronavirus' was first coined in 1968, when it was detected in an electron 

microscope, from displaying crown-like morphology. The RNA is bound to base 

nucleocapside (N) protein, forming a helical capsid inside the membrane of the virus (15). 

Coronaviruses (CoVs) comprise a wide family of single-stranded, enveloped, zoonotic RNA 

viruses of the Coronaviridae family, order Nidovirales (Fig.1) (16). 

 

Figure No. 1: Corona Virus 
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CoVs are categorized into α-corona and β-coronaviruses (mostly found in mammals such as 

bats, mice, civets and humans) and Gamma corona and Delta coronaviruses (mostly found in 

birds) viruses (17-19). Four CoVs circulate frequently among humans: HCoV2-229E, -

HKU1, -NL63 and -OC43 (20, 21). Rareer strains that cause more severe complications 

include MERS-CoV that causes respiratory syndrome in the Middle East (MERS) and SARS-

CoV, the virus that causes extreme acute respiratory syndrome (SARS). A dangerous new 

strain called SARS-CoV-2 started circulating in 2019, triggering the COVID-19 disease (22). 

MODE OF TRANSMISSION:  

COVID-19 spreads mainly through droplets formed by the coughing or sneezing of a person 

infected with COVID-19. That can occur in two ways: 

Direct Close Contact: The infection can be obtained by being in close contact with COVID-

19 patients (within one meter of the infected person), particularly if they do not cover their 

faces when they cough or sneeze. 

Indirect Contact: The droplets live several days on surfaces and clothing. Therefore it may 

spread the disease by touching some such contaminated surface or fabric and then touching 

one's mouth, nose, or eyes. 

COVID 19 incubation period (time from infection to symptoms) is 1 to 14 days. Some people 

with the infection but can also spread the infection without any significant symptoms of 

disease. 

SYMPTOMS 

Signs and symptoms of 2019 coronavirus disease (COVID-19) will occur two to fourteen 

days after exposure. This time it is called the duration of incubation after exposure and before 

getting symptoms. Popular symptoms and signs may include: 

 .Fever 

 Cough 

 Tiredness 

Other symptoms can include: 
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 Shortness of breath or difficulty breathing 

 Muscle aches 

 Chills 

 Sore throat 

 Loss of taste or smell 

 Headache 

 Chest pain 

This list is not all complete. Certain less common symptoms including rash, nausea, vomiting 

and diarrhea have been identified. Children have similar symptoms to adults and have mild 

disease in general (24). 

PREVENTION:  

Covid-19 drugs and vaccines are not available. The immune system plays a significant part in 

COVID-19 prevention. So we spoke about vitamin that can strengthen the human body's 

immune system. 

IMMUNE SYSTEM: 

The immune system is a multifaceted and sophisticated network of specialized organs, 

tissues, cells, proteins, and chemicals that has evolved to protect the host from a variety of 

pathogens, including bacteria, viruses, fungi, and parasites, as well as cancer cells. It can be 

divided into epithelial barriers, and either innate (non-specific) or acquired (specific) cellular 

and humoral constituents (25). 

The immune system's efficacy is highly dependent upon the individual's nutritional status. 

Innate immune host defense may be impaired under diet due to inadequate intake of 

macronutrients and/or micronutrients. Nevertheless, diet does not have an equal effect on all 

infections. The clinical course and outcome of certain diseases, such as viral and bacterial 

diarrhea, influenza, pneumonia, and measles are determined by the individual's nutritional 

status. For other infectious diseases (i.e. tetanus and viral encephalitis), the nutritional 
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condition has very little effect on both the course and outcome of the clinical procedure. A 

mild influence from the nutritional status is evident in many other diseases such as HIV 

(Human Immunodeficiency Virus) and influenza.  

Animal research and the role of certain vitamins, minerals and trace elements required to 

maintain immunocompetence has been substantiated in unusual circumstances of humans 

with a single nutrient deficiency. Among these are vitamins A, C, D and E (26-29). The 

incorporation of the defective nutrient back into the diet improves immune function and 

increases infection resistance. It is prudent to remember that while sufficient amounts of these 

micronutrients sustain and protect the antioxidant/oxidant balance in the immune cells from 

oxidative stress, excessive amounts of some of the micronutrients can also impair functional 

benefits (30). 

VITAMINS AND THE IMMUNE RESPONSE: 

Antioxidants enable free radicals to neutralize the harmful effects. Work over the past two 

decades has established the antioxidant effects of many vitamins, trace minerals and 

coenzymes associated with these. Such nutrient deficiencies impair immune functions in 

several ways and increase vulnerability to infection and cancer. In addition, the emergence of 

disease states aggravates the low micronutrient levels by further reducing the levels of these 

vital nutrients. Of the micronutrients; activates the immune response are vitamins A, C and 

D. 

VITAMIN A: 

Vitamin A (VitA) is a category of monohydrate-unsaturated alcohols forming a policyclic 

chain. Vitamin A is insoluble in water but soluble in fat (31). Green and Mellandy stated in 

1928 that vitamin A may enhance organisms' anti-inflammatory response, and named vitamin 

A "anti-inflammatory vitamin" (32). Later, vitamin A's anti-inflammatory ability was widely 

studied during the 1980s and 1990s (33, 34, 35). Vitamin A occurs in the form of retinol, 

retinal, and Retinoic Acid (RA), the most biological activity of which is demonstrated by RA. 

There are two essential derivatives of RA: 9-cis-RA and all-trans-RA (ATRA) (36) (Figure 

2). The primary biological functions of Vitamin A include maintenance of vision, growth, 

and the integrity of epithelial and mucous tissue (37). 
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Figure No. 2: Structure and synthesis of Vitamin A 

RA plays an essential role in controlling the differentiation, maturation and function of innate 

immune system cells. Innate immune cells consist of macrophages and neutrophils that 

initiate immediate responses to pathogen invasion through phagocytosis and activation of 

natural T-killer cells performing cytotoxic immunoregulatory functions (38-39). There is a 

study showing that vitamin A is necessary for the proper production and differentiation of 

CD169 + macrophages in colonies (40). The USDA National Nutrient Database for vitamin 

A consumption, recommended for various age groups along with the natural sources of 

vitamin A, is listed in Table 1. 

Table No. 1: Recommended Dietary Allowance (RDA) for Vitamin A (41) 

Sources of Vitamin 

A Recommended 

Vitamin A Deficiency 

Causes 

Dietary Intake of Vitamin A for 

Male and Female per day 

Male Female 

Sweet potato, 

spinach, carrots, 

pistachio nuts, 

broccoli, peppers, 

egg, cheese, 

apricots 

Night Blindness 

(xerophthalmia), 

Diarrhea, Anemia, 

Measles 

300 mcg  

(for age 1-3 years) 

300 mcg  

(for age 1-3 years) 

600 mcg  

(for age 9-13 years) 

600 mcg  

(for age 9-13 years) 

900 mcg (for 

adults) 

 

700 mcg  

(for Adults) 

770 mcg  

(for pregnant) 

1300 mcg  

(for lactating) 

mcg=Microgram=(1 × 10-6) of a gram 
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Vitamin C 

Vitamin C is an essential nutrient that cannot be synthesized by humans because of the loss in 

the biosynthetic pathway of a central enzyme (42-43). It is generally referred to as the L-

ascorbic or simply ascorbic acid found in virtually every type of body tissue except in the 

pituitary gland and in the central nervous system (44). 

 

Figure No. 3: Structure of Vitamin C 

In plasma, small amounts of vitamin C act as a non-enzymatic antioxidant that protects 

proteins, lipids, carbohydrates and nucleic acids (DNA and RNA) from free radicals and 

Reactive Oxygen Species (ROS), which are produced as by-products of normal metabolic 

processes, active immune cells, and pollutant and toxin exposure. Vitamin C is also able to 

engage in redox recycling; for example, it can regenerate vitamin E from its oxidized form 

(45- 46). 

Vitamin C is a stimulant of the work of leukocytes, particularly of mobilization of neutrophils 

and monocytes. White blood cells use vitamin C rapidly during infection bouts so the level of 

vitamin C decreases. Vitamin C supplementation has been shown to improve chemotaxis of 

neutrophils in both healthy adults and infants. Supplements can also stimulate the immune 

system by enhancing the proliferation of T lymphocytes in response to infection increasing 

the synthesis of immunoglobulins and cytokine production. 

In Table 2 is the USDA National Nutrient Database for vitamin C intake recommended for 

different age groups along with the natural sources. 
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Table No. 2: Recommended Dietary Allowance (RDA) for Vitamin C (41) 

Sources of Vitamin 

C Recommended 

Vitamin C Deficiency 

Causes 

Dietary Intake of Vitamin C for 

Male and Female per day 

Male Female 

Tomato, cabbage, 

oranges, cantaloupes, 

green and red 

pepper, spinach, 

green 

peas 

Scurvy, weak immunity 15 mg (age-1-3 

years)  

15 mg (age-1-3 

years) 

45 mg (9-13 years 

of age)  

45 mg (9-13 years 

of age) 

90 mg (adults)  

 

75 mg (adults) 

85 mg (pregnant) 

120 mg (lactating) 

VITAMIN D: 

It consists of two major classes, including vitamin D2 and vitamin D3 (47). Ergocalciferol is 

commonly known as vitamin D2, and cholecalciferol is known as D3. They are found 

primarily in the bones and teeth and help maintain them (48).  

 

Figure No. 4: Structure of Vitamin D 

Vitamin D receptors are expressed on immune cells, particularly B cells, T cells and antigen-

presenting cells, all capable of synthesizing the active metabolite of vitamin D. The highest 

concentration of vitamin D receptors is, however, found in the immature thymus immune 

cells and mature CD8+T lymphocytes. Vitamin D can modulate immune responses which are 

both innate and adaptive. Autoimmunity is associated with deficiency and increased 

susceptibility to infection. According to Deluca and Cantorna, vitamin D plays an important 

role as an immunosuppressant when present in adequate amounts in animals, either 

preventing or markedly suppressing autoimmune diseases (28). 
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Given below in Table 3 is the USDA National Nutrient Database for vitamin D intake 

recommended for different age groups along with the natural sources. 

Table No. 3: Recommended Dietary Allowance (RDA) for Vitamin D (41) 

Sources of Vitamin 

D Recommended 

Vitamin D Deficiency 

Causes 

Dietary Intake of Vitamin D for 

Male and Female per day 

Male Female 

Milk, yogurt, egg, 

cheese, cod liver 

oil, orange juice, 

salmon, tuna 

Rickets, 

Osteomalcia, 

reduced absorption, 

increased in 

excretion 

15 mcg  

(1-13 years of age) 

15 mcg  

(1-13 years of age) 

15 mcg (adults)  15 mcg (adults) 

15 mcg  

(for lactating and 

pregnant women) 

15 mcg  

(old-51+years) 

15 mcg  

(old-51+ years) 

mcg=Microgram=(1 × 10-6) of a gram 

Key role of vitamins in the immune system: 

Vitamins and their metabolites are important for a broad range of physiological processes, 

performing diverse roles such as hormones and antioxidants, as regulators of tissue growth 

and differentiation, embryonic development and among others, calcium metabolism (49). 

Furthermore, vitamins play a role in the immune system which extends to innate and adaptive 

immune responses. Here we review the most important effects of vitamins on the immune 

system, with special emphasis on vitamins A, C and D, which have received particular 

attention owing to recent discoveries of their multi-faceted interactions with the immune 

system. 
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Table No. 4: Vitamin A, C and D key roles in the immune system  

Immune Function Roles 
Micronutrie

nt 
Comments 

Maintenance of structural 

and 

functional integrity of 

mucosal cells in innate 

barriers (e.g., skin, 

respiratory tract) 

Vitamin A 

 

Normal differentiation of epithelial tissue; 

retinoic acid essential to imprint T and B cells 

with gut‐homing specificity and array T cells and 

IgA+ cells into intestinal tissues (50). important 

for intestinal immune response, thus supporting 

the gut barrier (51, 52, 53); carotenoids (either 

provitamin A or nonprovitamin A carotenoids) 

have immunoregulatory actions including 

reducing the toxic effects of ROS and regulating 

membrane fluidity and gap‐junctional 

communication (54) 

 Vitamin C 

 

Promotes collagen synthesis and protects cell 

membranes from damage caused by free radicals, 

thus supporting integrity of epithelial barriers 

(50); enhances keratinocyte differentiation and 

lipid synthesis as well as fibroblast proliferation 

and migration (55) 

 Vitamin D 

 

Calcitriol regulates antimicrobial proteins 

(cathelicidin and β‐defensin), responsible for 

modifying intestinal microbiota to a healthier 

composition and supporting the gut barrier (51, 

56), as well as protecting the lungs against 

infection (48); increases tight junction protein 

expression, E‐cadherin, and connexion 43 in the 

gut (57, 58 59); maintains renal epithelial barrier 

function (60); enhances corneal epithelial barrier 

function (61) 

Differentiation, proliferation, 

functioning, and movement 

of innate immune cells 

Vitamin A 

 

For example, regulates number and function of 

NK cells (50, 62), contributes to phagocytic and 

oxidative burst activity of macrophages (50) 

 Vitamin C 

 

Involved in proliferation, function, and 

movement of neutrophils, monocytes, 

phagocytes (62); maintains or 

enhances NK cell activities and chemotaxis (62, 

63 50, 64); enhances phagocytosis and ROS 

generation, enhances microbial killing (55); 

involved in apoptosis and clearance of spent 

neutrophils from sites of infection by 

macrophages (55); attenuates extracellular trap 

(NET) formation, thus reducing associated tissue 

damage (65) 

 Vitamin D 

 

Vitamin D receptor found in, e.g., monocytes, 

macrophages, and DCs (66); increases 

differentiation of monocytes to macrophages 

(63); calcitriol promotes movement and 
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phagocytic ability of macrophages (50, 67, 68, 

69) 

Antimicrobial effects Vitamin A Downregulates IFNγ production (63, 55) 

 Vitamin C 

 

High levels can improve antimicrobial effects; 

increases serum levels of complement proteins 

(66); role in IFNγ production (63, 55) 

 Vitamin D 

 

Calcitriol regulates antimicrobial protein 

expression (cathelicidin and defensin), which 

directly kill pathogens, especially bacteria (66, 

70, 71, 72); inhibits IFNγ production (64, 73, 74, 

75, 76 ) 

Roles in inflammation, 

antioxidant 

effects, and effects in 

oxidative burst 

Vitamin A 

 
Helps to regulate the production of IL‐2 and the 

proinflammatory TNF‐α, which activates the 

microbial action of macrophages; involved in 

phagocytic and oxidative burst activity of 

macrophages activated during inflammation (50) 

 Vitamin C 

 

Maintains redox homeostasis within cells and 

protects against ROS and RNS during oxidative 

burst (50); 

regenerates other important antioxidants, such as 

glutathione and vitamin E, to their active state 

(77); 

modulates cytokine production and decreases 

histamine levels (55) 

 Vitamin D 

 

Calcitriol increases the oxidative burst potential 

of macrophages (67, 68, 69); increases 

superoxide synthesis (50); reduces the expression 

of pro‐inflammatory cytokines and increases the 

expression of anti‐inflammatory cytokines by 

macrophages (67, 78, 79, 80) 

Differentiation, proliferation 

and normal functioning of T 

cells 

Vitamin A 

 

Involved in development and differentiation of 

Th1 and Th2 cells (81); enhances 

TGF‐β‐dependent conversion of naïve T cells 

into regulatory T cells (50); plays a role in 

acquisition of mucosal‐homing properties by T 

and B cells (50) 

 Vitamin C Roles in production, differentiation, and 

proliferation of T cells, particularly cytotoxic T 

cells (63, 55) 

 Vitamin D 

 

Homing of T cells to the skin (82); calcitriol 

inhibits T‐cell proliferation [Micronutrient 

Information]; inhibitory effects mainly in 

adaptive immunity (e.g., Th1‐cell activity) (66); 

stimulatory effects in innate immunity (66); 

inhibits the effector functions of T helper cells 

and cytotoxic T cells (64, 83), but promotes the 

production of Tregs (64, 83, 84); inhibitory effect 

on the differentiation and maturation of the 

antigen‐presenting DCs, and helps program DCs 

for tolerance (64, 85 86, 87) 
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Antibody production and 

development 

Vitamin A 

 

Development and differentiation of Th 1 and Th2 

cells [Maggini, S]; maintains normal 

antibody‐mediated Th2 

response by suppressing IL‐12, TNF‐α, and 

IFN‐γ production of Th1 cells (66) 

 Vitamin C Promotes proliferation of lymphocytes, resulting 

in increased generation of antibodies (55) 

 Vitamin D Calcitriol suppresses antibody production by B 

cells (66) 

Responses to antigen Vitamin A 

 

Normal functioning of B cells, necessary for 

generation of antibody responses to antigen (66); 

required for B cell‐mediated IgA antibody 

responses to bacterial polysaccharide antigens 

(50) 

 Vitamin D Promotes antigen processing (66); role in the 

down‐regulation of MHC‐II (88) 

Calcitriol = 1,25‐dihydroxy vitamin D3, the active form of vitamin D. Selenoproteins are 

selenium‐dependent enzymes. APC, antigen‐presenting cell; DC, dendritic cells; IFN, 

interferon; IL, interleukin; MHC, major histocompatibility complex; NK, natural killer; 

PGE2, prostaglandin E2; RNS, reaction nitrogen species; ROS, reactive oxygen species; Th, 

helper T cell; TGF, transforming growth factor; TNF, tumor‐necrosis factor; Tregs, 

regulatory T cells. 

CONCLUSION 

To conclude, it is obvious that a balance of vitamins and minerals can provide some level of 

protection against certain infections and inflammatory diseases. Vitamin A has both 

promoting and regulating roles in both the innate immune system and adaptive immunity; 

hence, it can enhance the immune function of the organism and provide enhanced protection 

against multiple infectious diseases. It appears that vitamin C can both prevent and treat 

respiratory and systemic infections by improving different functions of the immune cells. 

Vitamin D's beneficial effects on antioxidant immunity are partially due to its effects on the 

innate immune system. The most prudent way to maintain the balance of both macro- and 

micronutrients is to consume a wide array of foods. While supplements may be a more 

convenient way to consume the necessary nutrients, it may also carry a risk of adverse 

effects. 
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