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Introduction 

The viral pathogens which may cause severe acute 

respiratory infections (SARS) are picornaviruses, orthomyxoviruses 

(influenza C, influenza A and influenza B), paramyxoviruses or 

parainfluenza viruses 1,2,3 and 4, the human meta-pneumo virus 

(hMPV) and the respiratory syncytial virus (RSV), adenoviruses, 

human bocavirus (HBoV), coronaviruses 1 and 2). The only viral 

vaccine which is administered for the viral respiratory pathogen in the 

United Kingdom (UK) is seasonal influenza. This vaccine is not 100% 

efficient and may need repeat (especially in older individuals) of 

vaccination to ensure proper levels of protection against influenza 

infections. Effective antiviral drugs (such as Oseltamivir) used to treat 

or manage influenza are not simply available in many countries.
1
 

Vitamin D (besides vitamin A) is an immunomodulatory agent. 

Several studies have been performed to characterize the connection 

between the severity of acute viral infections that affect the respiratory 

system and plasma concentrations of the vitamin, (vitamin D). Clinical 

trials on vitamin D to be used as a supplement which acts by inhibition 

of severe acute respiratory syndrome (SARS) have so far yielded 

controversial results.
2
 Moreover, several in vitro studies have 

evaluated the various effects of vitamin D and its metabolites on the 

immune cells and their overall responses in the presence of respiratory  
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viruses without significant results.
3 

Thus, we reviewed studies about respiratory infections (such AS 

SARS-CoV-2 and influenza), immune system reactions against them, 

and the ameliorative potentials of these two important vitamins 

(vitamin C and vitamin D) in the mechanisms of viral infections. 

Respiratory viruses can spread through the airborne transmission of 

droplets and aerosols among humans. Some of these viruses bind to 

non-specific receptors in the epithelium of the respiratory system 

through the respiratory track like glycolipids and glycoproteins of the 

respiratory system (for example they bind to the molecule 1 of the 

intercellular adhesion (ICAM-1). After binding to epithelial cells, 

viruses can internalize into the cells by adopting the process and 

mechanism of endocytosis or membrane fusion. Then, the viruses 

perform the reproductive activity (transcription and translation of 

genome, respectively) through intracellular enzymes of the host cells 

infected by the virus. When the host cell is been infected, the innate or 

natural immune system of the cell can recognize the pathogen-

associated molecular patterns (PAMPs) of the invading virus or viral 

particle through various intracellular innate pathogen recognition 

receptors (PRRs) such as the nucleotide binding-oligomerization 

domain (NOD)-like receptors (NLRs), toll-like receptors (TLRs) and 

retinoic-acid-inducible gene-I (RIG-I)-like receptors (RLRs).
4
 

Epithelial cells lining the pulmonary system have shown a wide 

variety of molecular expression of all the human RLRs and TLRs 

which identify viruses and ligand to the PRRs lining the epithelial 

cells to a quick immune response against viral multiplication.
5
 

Besides, infection of intraepithelial dendritic cells (DCs), DCs living 

under the respiratory epithelium, and tissue-resident macrophages are 

other host immune cells of airway lumen which perform phagocytosis 

of the viruses. The mentioned mechanisms cause subsequent 

triggering of PRRs which initiate the innate or natural immune 

response.
4
  

ART ICLE  INFO  ABSTRACT 

Article history: 

Received 08 August 2020 

Revised 07 November 2020 

Accepted 27 November 2020 

Published online 30 November 2020 

Vitamin C and D can decrease the risks associated with viral infections by regulating the body’s 

immune system and response against viral activities and decrease the risks and virulence of 

severe viral respiratory tract infections. Research and experience have shown that Vitamin C is a 

possible therapy for SARS-CoV-2 because vitamin C has a promising role in maintaining proper 

body functions and also helps in removing damaged reactive oxygen species (ROS) and protect 

cells from oxidative damage. Vitamin C is needed in an adequate amount for proper immune 

function and stability which is a panacea for combating the scourge of infectious agents such as 

SARS-CoV-2 (Covid-19). Vitamin D has also been shown to ameliorate and cushion the risk of 

respiratory tract infections (RTIs) via several metabolic mechanisms and pathways: adequate 

concentrations of vitamin D in cells can decrease the amount and release of pro-inflammatory 

cytokines which are predominantly released from innate immune cells. In the base membrane, 

vitamin D helps to preserve tight junctions. Adequate plasma levels of vitamin D can eliminate 

protein-enveloped viruses with cathelicidin (a polypeptide which is mainly expresses in 

neutrophils macrophages, epithelial cells) activation. These processes can reduce the risk of a 

cytokine storm which often results to severe pneumonia. Clinical trials prove that elevated 

amount of 1, 25(OH) vitamin D derivative will potentially decrease the risk of viral pneumonia, 

dengue fever, hepatitis B, C and herpes infections. Thus, multivitamins C, D could play a pivotal 

role as curative agents against influenza and SARS-CoV-2 infections. 
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The Toll-Like Receptors of intracellular compartment including TLR 

9, 8, 7 and 3 which are similar to the UNC93B1 structure are mostly 

situated on the endoplasmic reticulum (ER) membrane. These nucleic 

acid-sensing TLRs identify un-methylated CpG (Cytosine and 

Guanine phosphodiester bonded) double-stranded DNA motifs (TLR 

9), the intermediary double-stranded RNA (TLR 3) or single-stranded 

RNA (TLR 8/7) of the genome of the virus.
5
 After the genetic 

components of the viruses have been detected through noted TLRs, 

these receptors send molecular signaling to UNC93B1 to release of 

inflammatory cytokines such as IL-1B, IL-6, IL-18, and TNF-α from 

the cells of the innate or natural immune system. Simultaneously, to 

eliminate foreign molecules, the component of the genetic materials of 

the virus and TLR transmit into the lysosome. Besides, with TLRs, 

other innate immunity receptors like RLRs (RIG-I Like Receptor) in 

cytosol play a crucial role in the overall immune system response 

process against several RNA viruses.
6
 Another innate immunity 

receptor is MDA5 (melanoma differentiation-associated gene 5) which 

participate by playing an important and crucial role in detecting 

picornaviruses. Furthermore, the cytosolic NOD2-NLRS have also the 

capability for detecting the presence of ssRNA related to RSV. IRF 

(Interferon Regulatory Factor), a protein related to innate immunity in 

the cytoplasm, can detect genome of viruses which lead to stimulation 

of INF-I (IFN-β and IFN-α) from the cell. INF-I stimulate MAPK 

(mitogen-activated protein kinase) and NF-κB (nuclear factor kappa 

B) signaling pathways which cause the release of various 

inflammatory cytokines.
7
 

Triggering of IFN-I receptor cause expression of ISGs (interferon-

stimulated genes) which result in antiviral responses of the host tissue. 

Induction of apoptosis in the infected cells of the host (which lead to 

scavenger of these cells with macrophage) and overexpression of HLA 

class I in infected cells of the host (which result in activation of 

cytotoxic T cells) cause restriction of viral activity in chronic 

infections.
8
 

Inflammatory cytokine agents such as IL-6, TNF-α, IL-12, IL-1β 

cause infiltration of neutrophils, macrophages, and natural killer (NK) 

cells into the lung tissue. TNF-α, IL-1β can also cause stimulation of 

MAPK and NF-κB pathways.
9
 Activation of PRR (pattern recognition 

receptor) signaling in viral infections causes releasing of IL-15 and 

CXCL10, CXCL8, CXCL9. These chemokines accelerate the 

infiltration of neutrophils and natural killer (NK) cells into the 

individual’s respiratory system.
10

 Antiviral functions of macrophage 

cells and neutrophil cells in severe acute respiratory syndrome and 

infections are not well-known.
11

 Along the way, it seems that the 

antigen-presenting ability of macrophages has been limited in viral-

related infections of the respiratory system. However, the antiviral 

activity of LL-37 in macrophages and neutrophils has been 

investigated.
12

 Due to reduced amount of CD11b, a phagocytic 

receptor of macrophages, they have less phagocytic activity than their 

counterparts in other tissues.
13

 However, alveolar macrophages have a 

significant role in phagocytosis of infected cells and the cleaning of 

apoptotic cellular debris in lung tissue. They also release pro-

inflammatory chemokines such as CXCL10, CXCL9, TNF-α, IL-6, 

IL-8 which cause more infiltration of inflammatory agents and cells 

into the lung tissue. In absence of alveolar macrophage cells (or 

decreased function of macrophages), a viral infection of lung tissue 

can lead to the accumulation of inflammatory cells, serum proteins, 

and apoptotic debris in airways and airway obstruction.
10

 

The signaling of PRR gene accelerates the attraction of the dendrite 

cells towards the infected cells via overexpression of CCR7 and 

CCL20 in the epithelial cell membranes located in the respiratory 

tract. At the early stage of viral infection, dendritic cells interact with 

CD4
+
 and CD8

+
 naïve T-cells which differentiate them into effector T-

cells of the lymph nodes. Effector T-helper 1 cells of can produce 

IFN-γ, IL-2, and TNF-α which cause stimulation of NK cells to the 

secretion of cytoplasmic granules. These cytokines can also activate 

CD8
+
 effector T cells which then induces apoptosis of infected cells 

through Fas ligand and Fas receptor interaction.
14

 B cells have a 

crucial role in immune activity against infection by viruses through 

producing of antibodies. After exposure of foreign protein (antigen) to 

the immune system, the antigen is recognized with BCR (B Cell 

Receptor) and taken up into the B cells through receptor-mediated-

endocytosis. After degradation of antigen in B cells.
6
 It can present in 

the membrane of these cells with the complex of HLA-ІІ. The 

follicular T helper binds to the peptide complex with TCR (T Cell 

Receptor) and then CD40L appears in T-cell membranes.
10

 The 

interaction between CD40L and CD40 receptor of the B-cells in 

addition to releasing cytokines like IL-4 and IL-21 leads to the 

stimulation of B cells and the switching of antibodies. The main part 

of the production and mobilization of antibody from B cells is 

dependent on noted T cell-B cell interaction process.
15

 Production of 

antibodies against viruses and viral-related infections develops 

humoral immunity against it and facilitates the clearing of blood from 

viral components. In the opsonization process, the Fc part of IgG 

binds to the Fcγ receptor (CD16) of NK cells which cause activation 

of these cells against infected cells. Activation of natural killer (NK) 

cells via the Fc segment of the antibody, which is called antibody-

dependent cellular toxicity, causes the death of infected cells with 

releasing of perforin and granzyme.
16

 

A cathelicidin is a family of antimicrobial polypeptides which 

primarily stored in lysosomes of macrophages and polymorphonuclear 

cells. LL-37 is one of the members of this subset that is produced from 

various immune and immune-related cells and cell types such as 

epithelial cells, B cells, monocytes, γδ T-cells, and NK cells. The 

generation of these polypeptides from respiratory epithelium makes 

primary defense against viruses and bacteria. LL-37 can also induce 

the infiltration of different immune cells into lung tissue after 

exposure to RSV. Hence, adequate and optimum amounts of vitamin 

C and vitamin D can up-regulate the expression of LL-37 which can 

potentially prevent entrance of micro-organisms into the respiratory 

epithelium.
17

 Both vitamins (Vitamin C and vitamin D inhibit the 

transformation of monocytes into macrophages in addition to 

impairment of M1 (inflammatory) type of macrophages which can 

modulate inflammation of respiratory tissue.
18

 

 

Ameliorating effect of Vitamins C and D on SARS-CoV-2 and other 

viral respiratory infections  

SARS CoV-2 firstly finds a mechanism to escape the immune system 

of humans and animals followed by a huge release of cytokines named 

cytokine storms and the hyperactivation of the other immune system 

responses. As these are also common mechanisms in acute respiratory 

syndrome and inflammatory response syndrome. To avoid these 

conditions in any type of viral infection such as in SARS-COV-2 

infections and influenza virus-induced lung injury, vitamin C and D 

are considered as proposed therapies.
19,20

   

 

How Vitamin C ameliorates SARS-CoV-2 and other viral respiratory 

infections.  

Vitamin C may be considered as one of possible potent therapies for 

COVID-19 because through research, the vitamin (vitamin C) 

supplement has shown promising prospects in the disease management 

and cure and in maintaining proper body functions and also helps in 

removing reactive oxygen species (ROS) and protect cells from 

oxidative damage due to free radical attack on cells. Vitamin C as an 

antioxidant vitamin needed in adequate amount for proper functioning 

of the body’s immune system.
21,22

 The beneficial and valuable role of 

vitamin C in SARS-CoV-2 and other respiratory system viral 

infections is clear from the fact that the level of vitamin C decreases 

during infection and the body needs more of it to fight ,
23

 indicating 

that an amount of it is continually been committed to fighting the 

infection hence the need to continually replenish it.  

Vitamin C acts as a strong antioxidant and helps to scavenge all the 

damaged species that is why vitamin C is regarded as helpful in 

SARS-CoV-2 and other viral infections. Findings from many different 

clinical studies have shown that when the vitamin (vitamin C) is 

administered orally, it can reduce the progression of SARS-CoV-2 

infection as well as other viral infections.
24,25

 Research have also 

shown that intravenous administration of vitamin C tremendously 

reduced viral infections.
26

 There are two possible routes of 

administration for vitamin C; one is orally and other is intravenously, 

studies have revealed that both administration routes of vitamin C 

have no side effects. Vulnerable groups such as healthcare workers 

and professionals who are at risk of contracting the virus (SAR-CoV-
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2) should always endeavor to include vitamin C in their prevention 

and treatment for the virus. Vitamin C is also a pro-oxidant so the 

smaller pharmacological concentration of vitamin C (in milli-molar) is 

beneficial. But in the case of SAR-CoV-2 infection high intravenous 

dose of vitamin C would be the right choice.  

In order to slow down the rates of ARDS, cytokine storms, neutrophils 

damage, oxidative stress, alveolar damage, acute respiratory problems, 

and mortality caused due to SARS-CoV-2, vitamin C is a proposed 

drug.
27-29

 According to a reported clinical study
30

 patients with SAR-

CoV-2 infected pneumonia, 27 (93%) showed elevated levels of 

hsCRP, which is a biomarker of inflammation and oxidative stress. 

Transcription factor, nuclear factor erythroid 2 (nfe2)-related factor 2 

(nrf2), is a known major regulator of antioxidant response element 

(ARE)-driven cytoprotective protein expression. Activation of Nrf2 

gene signaling plays an important role in preventing cells and tissues 

from injury and damage induced by oxidative stress. Vitamin C is an 

important part of cellular antioxidant system”.
31,32

 The vitamin 

(Vitamin C) constitutes a very important drug agent effective in 

intensive care management.
33,34

 Vitamin C is a suggested therapy in 

SAR-CoV-2 infection because it minimizes the effect of oxidative 

stress and cytokine and this promising role were also observed in 146 

SAR-CoV-2 patients.
35,36

 Research and clinical experiences have 

shown that administering a high intravenous dose of 200 mg/kg body 

weight can reduce clinical symptoms in viral infected.
37

 And this 

reduction was also observed in patients infected with influenza virus.
38

 

Using antioxidants in nutrients decreases inflammatory response 

syndrome caused by SARS-CoV-2.
39,40

 Oral dosage vitamin C up to 6 

g per day can reduce the risk of many viral infections and helps to 

improve health conditions.
24

 In China, exactly 50 SAR-CoV-2 

infected patients were treated using vitamin C by giving 10 g to 20 g 

dose per day.
24, 41, 42

 For several decades high intravenous dosage of 

vitamin C is used in treating viral infection.
43, 44

 

Mainly vitamin C is accumulated in larger quantity by 50 to 100 folds 

in leukocytes which contribute to its normal functioning.
45-47

 For 

normal immune cell function, a person needs to take 100 mg per day 

vitamin C. As compared to immune cells other body cells such as 

those lining the respiratory tract equire high vitamin C.
48-50

 

Neutrophils are the first cell to travel at the site of infection and 

accumulate vitamin C at 1 mM concentration inside the cell.
26

 

Neutrophils can also take an oxidized form or derivative of the 

vitamin when it is needed in high concentration.
51,52

 Dehydroascorbate 

known as DHA is the oxidized form of vitamin C which is then 

converted to ascorbate or ascorbic acid which is the reduced form of 

the vitamin when it is needed in high concentration
61, 51, 52

 to raise the 

intracellular level of vitamin C to about 10 mM. It is believed that this 

amount is optimum for the normal functioning of the vitamin (vitamin 

C).
53 

Vitamin C is very beneficial in scavenging and recovery activity 

of the dead cells and other functions such as normal neutrophils 

function, regeneration of vitamin E, activation of pro-inflammatory 

transcription factor, nuclear factor κB (NF-κB), modulation of 

signaling pathways, activation of signaling cascade, regulation of 

inflammatory mediators, phagocytosis, gene regulation and signaling 

pathways in T-cells, activation of κB (NF-κB) in dendritic cells and 

neutrophils, increases neutrophils motility so that it may reach the site 

of infection, vitamin C also has a promising role in immune 

modulation and proper immune functions.
54, 55

 

 

How Vitamin D ameliorates SARS-CoV-2 and other viral respiratory 

infections.  

Vitamin D helps to reduce many complications associated with 

pneumonia and also reduces the cytokine storms in many of the 

SARS-CoV-2 infections.
56

 In the case of HIV infections, vitamin D is 

considered as supportive therapy in combination with many other 

antiviral drugs such as protease inhibitors and many more.
57

 Vitamin 

D helps to modulate the rennin-angiotensin system which in turn 

regulates the normal expression of the ACE2 receptor a common 

binding site for SARS-CoV-2.  

The beneficial role of vitamin D gets clearer because of the presence 

of vitamin D receptor genes, so if the proper amount of vitamin D is 

not present, the body receptor genes will be more susceptible to viral 

and bacterial infections.
58

 As COVID-19 is now declared as a 

pandemic and the finding of effective therapy against this pandemic 

would take a lot of time, so the world is seeking to find an alternative 

to protect themselves from this pandemic.  

Vitamin D signaling can increase autophagy through elevated 

cytosolic calcium, Beclin-1, cathelicidin, PI3KC3, lysosomal protease 

activity, NOD-2 and decreased NF-κB activity. In contrast, vitamin D 

may decrease autophagy through activation of NF-κB, TNF-α, and 

IFN-γ.
59

 Increased level of autophagy is essential for controlling 

inflammation in the immune system. However, the development of 

RSV infection has been demonstrated in decreased levels of 

autophagy.
60

 The effects of high levels of vitamin D on oxidative 

stress have been investigated. PI3KC3 (class III phosphatidylinositol 

3-kinase complex) pathway, which regulates vitamin D and vitamin D 

receptor signaling, can increase the generation of ROS and NOS in 

monocytes and macrophages. The generated ROS and NOS can be 

scavenged by the antioxidant vitamin C.
61

 This molecular setting may 

lead to a synergistic effect of the vitamins and will produce a 

beneficial response against viral infection. 

Vitamin D can also boost the expression of TLR2, 4 in monocytes 

which can help in the detection of the viral genome.
62

 Higher levels of 

vitamin D also can reduce the expression of CD86 in antigen-

presenting cells such as macrophages and dendritic cells.
63

 CD86 is a 

receptor with an important role in antigen presentation to T cells. 

Vitamin D can also decrease the expression of CD80, CD40, HLA- ІІ, 

which have a co-stimulatory role in antigen presentation to T cells, in 

macrophages and dendritic cells.
63

 Molecular changes in the 

membrane of APCs (Antigen Presenting Cells) may have modulatory 

effects on T cells.
64

Along the way, this molecular pattern coupled with 

decreased expression of CD1a in the dendritic cell membrane can 

prevent the maturation of these cells and induce differentiation of 

tolerogenic dendritic cells.
65

 

Tolerogenic dendritic cells inhibit the production of IL-12 from T 

helper 1 and IL-23 from T helper 17.
66

 These cells can induce 

differentiation of regulatory T cells from naïve T cells. Tolerogenic 

dendritic cells can also decrease the number of T helper 17 cells in the 

blood stream. Due to the stimulatory role of IL-17 in neutrophils, this 

process can potentially reduce the inflammatory activity of 

neutrophils. Tolerogenic dendritic cells can also produce IL-10 and 

TGF-β. The cytokines act as immunoregulatory agents with several 

biological processes and metabolic pathways. Vitamin D can also 

decrease the expression of pro-inflammatory chemokines such as 

CCL11, CCL 19, CXCL1, CX3CL1, and CXCL10 in infiltrated 

macrophages.
67

 

Moreover, differentiation of T helper 2 cells is related to vitamin D 

signaling through increasing the gene expression of c-Maf and 

GATA3.  T helper 2 cells can produce IL-4, IL-10, and IL-5β which 

have different effects on immune cells.
68

 The effects of vitamin D on 

CD8+ (cytotoxic) T cells are not understood. However, in patients 

with Multiple Sclerosis, vitamin D can inhibit the production of INF-γ, 

TNF-α, and increase the level of TGF-β and IL-5β in cytotoxic T 

cells.
69,70

 

As acute respiratory distress syndrome, multi organs failure, cytokine 

storms, cellular injury are all the outcomes of SARS-CoV-2 and other 

viral infections.
71

 Vitamin C was found to be helpful in these 

complications.
72

 

 

Conclusion 

Some effects of vitamins C and D on the immune system such as 

increasing the level of IL-5β may not help modulating immune 

response versus viral infections of the respiratory system. An effective 

primary immune reaction against viral infection would help the 

respiratory system to restrict the replication of the virus without 

serious damages to host cells. Adequate levels of vitamins C and D 

may modulate the immune system and thereby facilitate the 

controlling of viral infections such as influenza and SARS-CoV2. 
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