
ABSTRACT
Vitamin D is synthesized by human skin cells exposed to sunlight and also obtained from nutritional sources. It has dual nature and 
serves as a vitamin and an immunomodulatory hormone. Metabolically, vitamin D is responsible for calcium and phosphate homeostasis, 
bone resorption, and maintenance of a healthy and mineralized skeleton.  As a hormone, its activated form (1,25-dihydroxyvitamin 
D), binds with the vitamin D receptor (VDR), triggers the regulation of more than 100 genes, many of those associated with the 
immune system, Hence, it plays a critical role in the regulation of the key components of both, the innate and adaptive immune 
systems. Deficiency of 25-hydroxyvitamin D has been linked with an increased risk of autoimmune and respiratory diseases such 
as rheumatoid arthritis, type 1 diabetes, multiple sclerosis, tuberculosis, and influenza. Recent pharmacogenomic studies have 
shown that variation in vitamin D receptor gene expression alters the response of different individuals to treatment with vitamin D. 
Introduction of vitamin D promotes the synthesis of antimicrobial and antiviral proteins in the cell and improves the cellular levels 
of calcium and phosphorus, eventually promotes autophagy to remove viruses and bacteria from the cells. This review specifically 
aims at establishing a concrete relationship between vitamin D deficiency and increased susceptibility to various respiratory diseases. 
We also aimed to explore the possibility of using vitamin D supplementation programs to improve immunoprotection in individuals 
prone to respiratory illnesses.

KEY WORDS: Vitamin D, respiratory illness, immunoprotection, 
pharmacogenomics, supplementation.

INTRODUCTION

Vitamin D is one of the four fat-soluble vitamins which 
are required for the general physiology of human body.  
Vitamin D is found naturally in some food materials, added 
as nutritional supplements with calcium and phosphorous 
(Lamberg-Allardt, 2006; Bruins and Létinois, 2021). 
However, the major contribution of vitamin D is by 
photosynthesis in the human skin exposed to ultraviolet B 
radiations (UVB) (Oonincx et al., 2018). Physiologically, 
vitamin D, functions as a vitamin and a hormone, it is 
responsible for the homeostasis of calcium and phosphorous 
in the human body, bone formation, health and functions 
(Ono-Ohmachi et al., 2021).

Vitamin D is obtained or synthesized in 2 natural forms 
including vitamin D2 and vitamin D3, both types are 
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inactive. After synthesis in the skin from dietary cholesterol 
in the skin cells exposed to UVB, the cholecalciferol 
enters blood stream, it is subsequently activated in the 
liver and kidneys to active form of vitamin D known as 
calcitriol or 1,25-(OH) 2 D (Panfili et al., 2021). Calcium 
and phosphorous homeostasis is considered as one of the 
main functions of vitamin. It promotes the bone resorption 
by increasing the calcium absorption resulting the better 
bone structure and physiology (Hanel and Carlberg, 2020). 
Supplementary intake of vitamin D has been reported 
to decrease the chances of many diseases including 
hypertension, osteoporosis, cancer, and many autoimmune 
diseases. Vitamin D serves to strengthen the innate and 
adoptive immune systems by increasing the number and 
activity of cells and proteins associated with the immune 
response (Gilani et al., 2021).

The vitamin D receptor (VDR) that interacts with vitamin 
D is present in most of the body cells and tissues. The 
interaction of vitamin D with its corresponding receptor 
as a hormone triggers the regulation of 100s of genes. 
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Most of the regulated genes are involved in the promotion 
of innate and adoptive immune systems. These findings 
suggest the hypothesis that vitamin D can play a crucial 
role in strengthen the immune response against bacterial 
and viral infections such as influenza, pneumonia and 
respiratory diseases. Vitamin D supplements are especially 
recommended to boost the components of immune system 
against such disease. It also leads to the hypothesis about 
the vital role of vitamin D against the severity and mortality 
of diseases (Giménez et al., 2021).

Looking at the important role of vitamin D as a protective 
agent and in the treatment of many virus and bacteria, based 
respiratory infections; we have aimed to conduct a review 
article representing the association of vitamin D deficiency 
with the onset and mortality rates of a few respiratory 
diseases including influenza, COVID-19, tuberculosis and 
pneumonia. 

Synthesis and metabolism of vitamin D: In the human 
body, diet and photosynthesis in the skin provide all the 
vitamin D required for the better physiology.  The pigmented 
substance melanin absorbs UVB from sunlight that interacts 
with 7-dihydrocholesterol, and synthesize vitamin D. The 
vitamin D3 produced by photosynthesis is an inactive 
compound that needs hydroxylations in the liver and 
kidneys to produce an active form of vitamin known as 1,25 
dihydroxyvitamin D or calcidiol. The reaction to activate 
vitamin D is calalyzed by the enzyme 1-α-hydroxylase 
(CYP27B1). The active form of hormone also interacts with 
the interstinal cells to stimulate calcium reabsorption, to 
promote osteoblast differentiation and matrix calcification. 
After its utilization the 1,25-OH-D form is metabolized to 
the 1,24,25-OH vitamin D by 24-hydroxylase (CYP24) 
(Khairy et al., 2021). The binding interaction of active 
vitamin D with its relevant receptor (VDR) regulates the 
genes associated with the vitamin D-VDR combination 
(Marozik et al., 2021). The synthesis and activation of 
vitamin D has been described in the Figure 1.

implicated with the human immune system. Vitamin D 
serves as the promoter of immune system and its deficiency 
leads to an increased susceptibility, increased severity and 
mortality by many infectious diseases (Carpagnano et al., 
2021). The immune system consists of a set of cells, with 
receptors and soluble proteins. All of these components of 
immune system are affected, either individually or in the 
form of a signaling cascade by the deficiency of vitamin 
D. As for example, vitamin D inhibits the proliferation of 
beta cells, blocks B cell immunoglobulin secretion by these 
cells (Bui et al., 2021). 

Vitamin D promotes the shift of Th1 to Th2 cells as a 
suppressor of T cell proliferation (Laird et al., 2020). It also 
helps in the maturation of T cells by twisting them away 
from Th17 phenotype that has inflammatory effects, and 
triggers the formation of T regulatory cells (Fakhoury et al., 
2020). All these activities result in the reduced production 
of IL-17 and IL-21 cytokines that have inflammatory 
impact, and enhance the production of IL-10 cytokines that 
have been associated with anti-inflammatory response of 
cells (Leal et al., 2020). The physiology of dendritic cells 
(DCs) and monocytes is also regulated by vitamin D by an 
inhibition in the production of inflammatory cytokines by 
monocyte such as TNFα, IL-1, IL-6, IL-8, and IL-12 (Nastri 
et al., 2020). Differentiation, maturation, and preservation 
of cellular phenotypes are inhibited by a reducing the 
expression of co-stimulatory molecules, MHC class II 
molecules, and IL12 (Aygun et al., 2020). The deficiency 
of vitamin D has also been associated with the onset of 
autoimmune diseases. In such diseases, vitamin D has found 
to have an ameliorative effect indicating the beneficial role 
of vitamin D supplements.

Vitamin D and respiratory diseases: In context with 
the available information about the role of vitamin D on 
the calcium homeostasis, bone formation, bone health 
and strengthening of immune system, the present review 
article aims at highlighting the possible correlation between 
vitamin D levels and susceptibility to respiratory disease.

Vitamin D and tuberculosis: Tuberculosis (TB) caused 
by Mycobacterium tuberculosis (MTB) is an infectious 
disease that spreads by aerosols. The disease generally 
affects respiratory system, especially the lungs, it can 
also damage other parts of body. The disease is associated 
with poor living conditions, and prevalent worldwide, 
causing more than 2 million deaths every year. Deficiency 
of vitamin D has been linked with the spread of infection 
in the human body, its severity and mortality. Level of 
vitamin D has also been associated with the successful 
treatment and time of recovery. The genetic variability can 
also affect the level of susceptibility for infection among 
the world populations.  may influence host susceptibility 
to developing active tuberculosis and treatment response 
(Ganmaa et al., 2020). 

A study from Pakistani populations has shown that the low 
levels of vitamin D has been found to increase the risk of 
tuberculosis infections by 5-times than those having normal 
levels of plasma vitamin D levels (Jaimni et al., 2021).  
Vitamin D deficient populations have risk of rapid spread 

Figure 1: A schematic representation of synthesis and 
activation of vitamin D in the human body (adopted from 
Gilani et al., 2021)

Vitamin D and immunity: The immune system provides a 
defense against the invading pathogens, microbes, viruses 
and unwanted hazardous bodies or substances. It helps in 
the maintenance of healthy status of body by protecting 
against diseases. Recently, the vitamin D has been well 
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of disease among healthy individuals. One of the similar 
studies has shown that the African populations migrated to 
Australia with low levels of vitamin D had high probability 
of tuberculosis infections than those with normal vitamin D 
levels (Acen et al., 2021). The findings from other studies 
have shown a rapid spread and progression of infection 
among the people with low levels of vitamin D (Faniyi et 
al., 2021). 

The mechanism adopted by vitamin D to prevent the onset 
of infection or to inhibit the rapid progression of disease has 
been clearly described. According to the findings, vitamin D 
limits the Mycobacterium tuberculosis infection by binding 
to the VDR receptor, later is a polymorphic nuclear receptor 
responsible to manage the regulation of many genes for 
their expression. Most of these genes are involved in the 
strengthening of human immune system by regulation of 
the production of cytokines (Bishop et al., 2021).

VDR is found in almost all types of cells and it is up 
regulated by specific toll–like receptors. The receptor 
(VDR) is essential component of immune cells, and cells of 
pulmonary epithelial walls. The vitamin D based mechanism 
is recognized for the production of many antimicrobial 
proteins including cathelicidin LL-37 and β defensin (Acen 
et al., 2021). The mechanism is also responsible to suppress 
the activity of metalloproteinase enzymes to prevent the 
degradation of extracellular matrix of pulmonary tissues 
(Sutaria et al., 2014; Meca et al., 2021).

difference of vitamin D levels in the populations from 
different geographic areas and with different ethnicity 
have also found to affect the susceptibility to disease and 
resistance of bacteria to the drugs (Griffin et al., 2021). 
Many studies from Ethiopia, Tanzania, Uganda and other 
countries have positively correlated the vitamin D deficiency 
with the onset, spread and mortality rate due to tuberculosis 
(Jovanovich et al., 2014). These investigations have also 
found that the low BMI has also been associated with the 
deficiency of vitamin D and both have been associated with 
the onset of TB (Rhodes et al., 2021; Lungu et al., 2021). 
Trials based on vitamin D supplementation have also shown 
an improvement of human immunity against tuberculosis 
(Xiong et al., 2021). A vitamin D based mechanism involved 
in the in the autophagy and removal of M. tuberculosis has 
been described (Figure 2).

Vitamin D and pneumonia: Pneumonia is the infection 
of alveolisacs of respiratory tract. The main signs and 
symptoms include dry, productive cough or combination 
of both, difficulty in breathing, chest pain and fever. The 
headache and body ache are also observed as common 
symptoms, but these are common with many other 
conditions. The intensity and severity of symptoms variable 
depending upon the human immune response and degree 
of infection (Jovanovich et al., 2014). The causative 
agents of disease can be usually a virus, bacteria or other 
microorganisms. 

Pneumonia can be hospital-acquired, community-
associated, and healthcare-associated depending upon 
the site of infection. Smoking history, sickle cell disease, 
chronic obstructive pulmonary disease (COPD), asthma, 
cystic fibrosis,heart failure, diabetes, weak immune system, 
and poor ability to cough are common risk factors of 
pneumonia (Zhou et al., 2019). Recently, there has been 
sufficient evidence indicating the association of vitamin 
D deficiency with the community-acquired pneumonia 
(CAP) (Bergman et al., 2013), it resulted in the extensive 
research on the applications of vitamin D on the human 
defense mechanisms and immune responses (Camargo et 
al., 2011). It has been reported by many studies that the 
blood levels of vitamin D < 37 nmol/L has been associated 
to an increase in the susceptibility and severity of disease 
(Hashemian and Heidarzadeh, 2017; Oktaria et al., 2021).

The studies including 5660 individuals of all age limits, 
investigated in 11 randomized placebo-controlled trial have 
shown a significant decrease in the risk of respiratory diseases 
especially pneumonia in case of vitamin D supplementation 
(Oktaria et al., 2021a; Labib et al., 2021). The populations 
with low vitamin D levels have significantly higher (2.5 
times) risk of contracting pneumonia as compared to those 
with normal levels of vitamin. Low levels of vitamin D 
in the umbilical cord has been linked with the high risk 
of respiratory infections in the new borns in the early 3 
years of their life childhood (Oktaria et al., 2021 b). A 
direct relationship has been reported between the vitamin 
D (Leow et al., 2011). The normal levels of vitamin D has 
shown a preventive role against all kinds of pneumonia 
among the age groups of 24 to 60 months (Chowdhury et 

Figure 2: The TLR receptors interact with pathogen  
(M. tuberculosis) and results in the induction of transcrption 
of genes coding for vitamin D receptor (VDR), the enzyme 
responsible to activate vitamon D named 25-hydroxyvitamin 
D-1α-hydroxylase, upregulating the expression of these 
genes. Once the vitamin D enters a monocyte with the help of 
vitamin D binding protein (DBP), the vitamin gets activated, 
by mitochondrial 25-H-D-1α-hydroxylase and subsequently 
binds with the VDR.  The vitamin-VDR binding triggers 
the upregulation of many proteins including cathelicidin, 
intracellular pathogen recognition receptor NOD2 and 
defensin beta 2 protein. These proteins and enzymes 
promote autophagy and clearance of bactria from the cells 
(adopted from Liu et al., 2006).

Vitamin D status has been found to be affected by many 
variants of VDR in the cells (Le Pavec et al., 2008). The 
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al., 2021), similar findings have been reported by a study in 
Bangladeshi children of 1 to 18 months age group.

According to many studies, the infection leads to the 
synthesis of antimicrobial proteins and peptides in the 
mucosal and epithelial surface cells in multicellular 
organisms. These molecules or peptides serve as the first line 
of defense against viral or bacterial infections. Some of these 
peptides have a role in the modulation of immune responses. 
Defensins and cathelicidins are the most widely studied 
proteins that are responsible to fight against pneumonia 
infections (Aygun et al., 2020). The mechanism followed by 
the defense system is similar to that described in the figure 
2. In short, the TLRs activate the defense cells, subsequent 
upregulation of vitamin D receptor and CYP27B1 enzyme. 
The enzyme is also associated with the conversion of 25-
hydroxyvitamin D to 1,25- dihydroxyvitamin D, the latter 
being an active form of vitamin D (Parsanathan and Jain, 
2019; Campolina-Silva et al., 2021).

Vitamin D and influenza: Influenza, is a respiratory 
infectious disease also known as flu or common cold. 
The causative agent of is a virus known as influenza 
virus.  The complicated forms of influenza are known 
as viral pneumonia, sinus infections, if the infection is 
caused by bacteria, it is also named as secondary bacterial 
pneumonia. The disease is associated with worsening of 
existing respiratory problems including heart diseases and 
asthma.  With more than 290,000 infections and about 
650,000 annual deaths, the disease is found worldwide, 
especially common during winters (Goncalves-Mendes et 
al., 2019). Vaccine is available against influenza, but the 
whole world population is not vaccinated yet. According 
to the estimates, about 10% unvaccinated adults and 20% 
unvaccinated children are infected every year (Martineau et 
al., 2017; Pham et al., 2021). In the northern and opposite 
hemispheres, the infection occurs mostly in winters. 
However, in the rest of the world and near to the equator, 
the outbreaks can be observed at any time of the year (Zhou 
et al/. 2018; Goncalves-Mendes et al., 2019).  

Very young, old populations and those with existing 
respiratory and heart diseases are populations at high 
death risk by influenza. As the antiviral medicines and 
vaccines are limited in availability and efficacy against 
influenza, non-pharmaceutical interventions including 
herbal medications and supplements of immune boosting 
vitamins and minerals are essential to control the spread and 
severity of infection. By stimulating the naturally produced 
antimicrobial proteins and peptides, vitamin D serves as an 
important promoter of innate and adoptive immune systems 
that lead to the destruction of invading pathogens (Chung 
et al., 2020; Bleakley et al., 2021). 

Particularly, in the cell lining of upper and lower respiratory 
tract, these peptides and proteins are able to fight the viruses 
and bacteria directly. Vitamin D is responsible to shift the 
Th1 (T helper 1) to Th2-mediated cells in their response, and 
reduce the inflammatory responses (Briceno Noriega and 
Savelkoul, 2021). This results in the suppression of major 
symptoms of common cold or flu.  Vaccination is often 
recommended to fight against flu infections. However, the 

vaccines have very low (17–53%) efficacy in old people 
and 70–90% among the young adults. Vitamin D has been 
also reported to increase the levels of TGFβ in response to 
influenza vaccination and promote the defense mechanisms 
(Singh et al., 2020). Also, the populations subjected to 
vitamin D supplementation along with vaccination have 
shown high levels of protection against flu as compared 
to those with vaccination and no vitamin D supplements 
(Jolliffe et al., 2021). 

Studies on infants have shown that the high dose with up 
to 1200IU per day of vitamin D has proven significantly 
useful in the prevention against seasonal influenza, rapid 
decrease in viral load, decreased intensity of symptoms and 
early recovery. The high dose was found safe for children 
(Abioye et al., 2021). Less or unavailability of sun light has 
been linked to the deficiency of vitamin D and consequently 
the susceptibility to influenza. Vitamin D supplementation 
is therefore, recommended in that particular season or 
areas (Urashima et al., 2010; Ma et al., 2021). Studies 
involving 11,000 participants of all age groups (0 and 95 
years), has shown that the daily dose of vitamin D reduced 
the frequency of flu infections and supported the general 
health of respiratory tract. As described in the previous two 
sections, vitamin D activates the synthesis of antimicrobial 
peptides, strengthens the immune system and improves 
the immune responses by significantly lowering the 
inflammatory events of infection process.

Vitamin D and COVID 19: The world population is 
threatened by coronavirus disease 19 (COVID-19) that is 
a respiratory infection with high rate of transmission and 
severe health consequences. The disease is caused by a 
zoonotically transmitted virus known as SARS-CoV-2.  The 
disease started in December 2019 from Chinese city Wuhan 
(WHO, 2020) and spread all over the globe very rapidly. 
SARS-CoV-2 has more than 80% genome similarity with 
the causative agent of recent coronavirus disease in the last 
decade (2003-2004) (Rajapakse and Dixit, 2021).

There is no specific cure for the COVID-19 and only 
protective and supportive managements are being 
conducted. Most of the deaths caused by COVID-19 are 
due to acute respiratory distress syndrome (ARDS) and 
respiratory failure and multiorgan failure. Vaccination 
has been initiated in many countries in the recent times. 
However, the efficacy of these vaccines is still under 
question. Moreover, the demand for the vaccines is very 
high, especially in third world countries which neither have 
the technical know how to produce them nor the economic 
means to procure them. In the wake of this situation, it 
would be interesting to probe the association between 
vitamin D deficiency and susceptibility to COVID-19 as 
well as recovery rate.

In COVID-19 patients the presence of pneumonia/acute 
respiratory distress syndrome (ARDS), microvascular 
thrombosis and/or cytokine storm, myocarditis, all of which 
involve underlying inflammation are main indicators of 
disease severity.  While the COVID-19-specific CD8 T 
cells and the specific antibodies produced by B cells are 
critical for eliminating the virus, uncontrolled non-specific 
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inflammation and cytokine release can cause catastrophic 
injury to the lungs and other vital organs. Consequently, 
decreasing this early non-specific inflammation during 
COVID-19 may provide time for the development of 
specific acquired immunity against COVID-19 (Nadeem 
et al., 2020). 

T regulatory lymphocytes (Tregs), are responsible to provide 
a principal defense line against high intensity inflammatory 
response in vital infections. The levels of Tregs have been 
reported to be low in one group of COVID-19 patients, and 
‘markedly lower in severe cases (Leila et al., 2020; Weir et 
al., 2020).  In a study of older nursing home patients, high 
Treg blood levels were found to be associated with a reduced 
level of respiratory viral disease. These observations suggest 
that if Treg levels can be increased, this might be of benefit 
in diminishing the severity of viral disease and perhaps 
of COVID-19. Treg levels can be increased by vitamin D 
supplementation (Ali, 2020; Gilani et al., 2021). 

One of the major devastating effects on immune system 
produced by covid 19 is the cytokine storm that leads to 
rapid deterioration of lung cells. It is a well-known fact 
that vitamin D is capable of reducing the inflammatory 
cytokine production. A study of healthy women in the 
USA found a significant inverse relationship between the 
serum levels of 25(OH)D and TNF-alpha (Khemka et al., 
2020). Thrombotic complications are common in COVID-
19 patients. Of those with severe disease, over half have 
been found to have elevated D-dimer levels. Interestingly, 
vitamin D is also involved in the regulation of thrombotic 
pathways, and vitamin D deficiency is associated with an 
increase in thrombotic episodes (Mohan et al., 2020; Gilani 
et al., 2021). An increased risk of death with COVID-19 is 
also observed in black, Asian and minority ethnic (BAME) 
groups. As melanin reduces the production of vitamin 
D asociated with exposure to the ultraviolet radiation in 
sunlight, this may help to explain the observed frequent 
occurrence of vitamin D deficiency in BAME groups.

Conclusion

Vitamin D, one of the fat-soluble vitamins has been 
reviewed for its association with the onset and severity of 
respiratory diseases. Vitamin D serves as a double-edged 
sword, one one hand it operates as an immunomodulator 
and on the other side it promotes autophagy to remove the 
pathogenic viruses and bacteria from the cells. It influences 
both the innate and adaptive immune systems, and reduces 
inflammatory cytokines. The molecular pathways of these 
immunomodulatory effects have been well established, 
thereby making Vitamin D and important candidate 
for development of therapeutic as well as prophylactic 
applications against various infectious diseases.
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