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ABSTRACT 

Association between vitamin D receptor gene polymorphisms and COVID-19 causing 

SARS-CoV-2 Delta variant 

AIM:  

This study was conducted to investigate the allelic frequencies and genotypic 

distribution between FokI and TaqI VDR gene polymorphisms in COVID-19 patients 

who are infected by SARS-CoV-2 Delta variant. 

BACKGROUND: 

COVID-19 disease is a severe illness that caused millions of people’s deaths worldwide 

and long-term health issues for those who have survived the disease. The SARS-CoV-2 

can trigger a respiratory tract infection and affect the upper respiratory tract as well as 

the lower respiratory tract. The virus can be transmitted the same way as other 

coronaviruses, mainly through person-to-person direct contact. The severity of the 

infection can vary from mild to fatal. 

COVID-19 symptoms vary, but they commonly include fever, cough, headache, 

fatigue, and loss of smell and taste. The majority of infected people (81%) may 

experience mild to moderate symptoms, while 14% may develop severe symptoms and 

5% might experience severe symptoms such as respiratory failure or multi-organ 

dysfunction. 

CoV entry into host cells is a multi-stage process involving several different domains in 

protein S, which facilitate viral binding to the target cell, receptor involvement, protease 

processing, and membrane fusion. 

The SARS-CoV-2 genome has evolved over time due to random mutations, resulting in 

the emergence of genetic variants that are thought to be more contagious. Notably, 

Alpha and Delta variants were indicated to be more contagious than previously 

discovered virus strains. 

COVID-19 pathophysiology involves a number of signaling pathways and cellular 

components, including vitamin D2. Vitamin D is an essential immune system regulator. 
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Vitamin D, in particular, has anti-infective and immunomodulatory properties, as it 

enhances intercellular barriers, stimulates innate immunity, and helps regulate adaptive 

immunity. Many studies are being conducted to analyze the influence of vitamin D 

specifically within the context of the COVID-19 pandemic, considering the molecular 

pathways and metabolism of vitamin D. 

COVID-19 prevalence and mortality rates may be affected by the modulatory effect of 

persons' bioavailable vitamin D levels, which is influenced by genetic factors such as 

polymorphisms in the VDR gene. 

METHODS:  

A total number of 200 individuals who admitted to Near East University Hospital 

COVID-19 PCR Diagnosis Laboratory for routine SARS-CoV-2 RT-PCR test was used 

in this study. The control group consisted of individuals who were SARS-CoV-2 RT-

qPCR negative. On the other hand, the case group consisted of patients who were 

SARS-CoV-2 RT-qPCR positive, infected with SARS-CoV-2 Delta variant. 

PCR was used to amplify of target mutated regions of the VDR gene from isolated 

genomic DNA. The PCR step was done for all 200 samples using for each FokI and 

TaqI restriction enzymes, 400 in total. PCR reaction was carried out in a total volume of 

20 µl, containing 15 µl of PCR mixture and 5 µl of DNA. Following the PCR, the gel 

electrophoresis was done for the yield amplified products.. Visualization of the bands 

(TaqI 500bp, FokI 265bp) was through an ultraviolent trans-illuminator. After 

visualization of the bands RFLP analysis was done for Taq1 and Fok1 polymorphisms 

by the use of mutation specific restriction enzymes. RFLP analysis was performed in a 

total volume of 20 µl, containing 10 µl of RFLP mixture and 10 µl of amplified product 

from PCR. The samples incubated at 37°C for 30 minutes for Fok1 and at 65°C for 30 

minutes for Taq1 polymorphisms for the RFLP analysis. 

RESULTS:  

A total number of 200 individuals who admitted to Near East University Hospital 

COVID-19 PCR Diagnosis Laboratory for routine SARS-CoV-2 RT-PCR test was used 

in this study to investigate the allelic frequencies and genotypic distribution between 

VDR gene FokI (rs10735810) and TaqI (rs731236) polymorphisms in COVID-19 

patients who are infected by SARS-CoV-2 Delta variant and compared them with those 
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who were tested negative for SARS-CoV-2 as a control group. The results indicated that 

there is a strong association between TaqI and FokI VDR gene polymorphisms and 

COVID-19 causing the SARS-CoV-2 Delta variant, and patients with FokI and TaqI 

gene polymorphisms may tend to be more susceptible to getting infected with the 

SARS-CoV-2 Delta variant. 

CONCLUSION:  

In the current study, our main objective was to identify if there is an association 

between vitamin D receptor gene polymorphisms and COVID-19 causing the SARS-

CoV-2 Delta variant. 

To sum up, the results of this study displayed significant differences in genotype 

frequencies of FokI-rs10735810 and TaqI-rs731236 variants between SARS-CoV-2 

Delta variant infected patients and the control group. The results also suggest that the 

patients with FokI and TaqI gene polymorphisms may tend to be more susceptible to 

getting infected with the SARS-CoV-2 Delta variant. Limitations of this study includes 

lack of data about vitamin D levels of patients and involving only Delta variant of 

SARS-CoV-2 to investigate the allelic frequencies and genotypic distribution between 

vitamin D receptor gene polymorphisms in COVID-19 patients. Confirmation of these 

findings is in need of further study using a wider range of data. 

 

 

 

KEYWORDS: COVID-19, Delta variant, VDR gene polymorphisms, FokI, TaqI, 

vitamin D 
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CHAPTER 1: INTRODUCTION 

1.1 Introduction 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) was spread 

worldwide from Wuhan, China, at the end of 2019. Soon after, the World Health 

Organization (WHO) announced the SARS-CoV-2 infection, which caused a new 

Coronavirus disease (COVID-19), as a pandemic (Habas et al., 2019). SARS-CoV-2, 

like the Middle East Respiratory Syndrome coronavirus (MERS-CoV) and the Severe 

Acute Respiratory Syndrome coronavirus (SARS-CoV), is a beta-coronavirus (Di Maria 

et al., 2020). 

COVID-19 disease is a severe illness that caused millions of people’s deaths worldwide 

and permanent health problems for some who have survived the disease (Rauf et al., 

2020). 

The virus has been responsible for over 297 million infections worldwide, causing more 

than 5.4 million deaths. Among the countries the United States has recorded the greatest 

number of deaths (JHU Coronavirus Resource Center, 2022). 

The SARS-CoV-2 virus can cause a respiratory tract infection, affecting both the upper 

and lower respiratory tracts. The virus spreads in the same way that other coronaviruses 

do, primarily through person-to-person contact. The infection's severity can vary from 

mild to fatal (Cevik et al., 2020). 

Coronaviruses are viruses that are commonly found in animals, but some of them can 

infect humans. Many human coronaviruses are derived from bats, which are natural 

hosts for those kind of viruses. As a result, it is thought that the virus spread to humans 

via an intermediate host. The first SARS-CoV developed in bats and was transmitted to 

people via civet, whereas MERS-CoV originated in humans via camels as an 

intermediate host. Currently there is no clear information on transmission process of 

SARS-CoV-2 from animals to people (Wu et al., 2020). 

The origin of SARS-CoV-2 is thought to be zoonotic, presumably through indirect 

infection. There have been various theories about the origin of index case, however the 

research has been ongoing, and no clear answer has been found yet. According to 

phylogenetic studies, SARS-CoV-2 first appeared in October or November of 2019. The 
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virus may have spread from Wuhan, according to phylogenetic algorithm analysis. 

There was a strong evidence that it was derived from a virus infecting wild bats and was 

transmitted to people via an intermediate host for wild animals. The chance of the virus 

accidentally escaping from a laboratory was also investigated, and no clue was found 

(Li et al., 2020). 

1.2 A New Coronavirus Disease (COVID-19) Pandemic 

Since the pandemic has started, researchers, international organizations and other 

institutional establishments have been putting effort to trace the origins of SARS-CoV-

2. The majority of researchers believed that the virus had a zoonotic origin and 

ultimately came from a bat-borne virus such as other virus-related pandemics in human 

history (Salian et al., 2021). 

The coronavirus can be passed from person to person via respiratory fluids of an 

infected individual who sneezes, coughs, breathes, or speaks in close distance to others. 

Droplets, which include aerosols, can be inhaled or become settled in the nose and 

mouth, as well as in the eyes. Infection may occur in some cases as a result of droplets 

interacting with contaminated objects. It is known that the virus can be transmitted from 

infected person to uninfected person two days before symptoms occur, and that 

symptoms can be observed in 14 days after the infection (Cevik et al., 2020). 

The virus is able to survive some amount of time on hard surfaces, for instance, 

stainless steel. However, the number of virulent virus on surfaces decreases with time 

and is rarely present in large amounts to cause infection. Infection can occur when a 

person touches their nose, mouth, or eyes with virus-contaminated hands, or when they 

touch virus-contaminated surfaces indirectly (Rauf et al., 2020). 

The number of cases doubled roughly every week in the initial stages of the pandemic. 

The disease spread to other Chinese provinces in early and mid-January 2020, primarily 

due to holidays and Wuhan's importance as a transport and railway center. China found 

approximately 140 new cases in a day in January 2020. Official data later revealed by 

that time, symptoms have been detected in 6,174 people, with the possibility that even 

more had become infected (China CDC Weekly, 2020). On January 30th, 2020 the 

WHO announced the coronavirus a health emergency of international concern, and 

pointed to human transmission, strongly encouraged safety equipment for healthcare 
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staff, and stated that virus detection testing was important due to its highly contagious 

nature (WHO, 2020). 

COVID-19 symptoms differ, but they commonly involve loss of smell and taste, fever, 

shortness of breath, cough, headache, and fatigue. The majority of infected people 

(81%) might experience mild to moderate symptoms (including mild pneumonia), 14% 

might develop severe symptoms and 5% may experience critical symptoms such as 

respiratory failure or multi-organ dysfunction. Elderly people have a greater risk of 

having severe symptoms. A few people experienced various effects (prolonged COVID) 

months after recovery, and organ damage was noticed. Longitudinal studies are being 

conducted to continue investigating the long-term health impacts of the COVID-19 

disease (Ji et al., 2021; Schoeni et al., 2021). 

1.2.1 SARS-CoV-2 Characteristics 

Coronaviruses refer to single positive-stranded RNA viruses with a round or oval 

(mostly polymorphic) envelope shape, characterized by crown-like protrusions on the 

periphery in the virus envelope, and are often associated with respiratory infections, a 

more sophisticated class of pathogens (Tsai and Wilson, 2020; Lee and Hsueh, 2020). 

Complete analysis of the viral genome indicates that the virus shares 88% sequence 

similarity with two SARS-like coronaviruses derived from bats, but is faraway from 

SARS-CoV (Lai et al., 2020). 

Based on phylogeny, taxonomy, and practice, the Coronavirus Study Group (CSG) of 

the International Committee on Taxonomy of Viruses eventually named it Severe Acute 

Respiratory Syndrome Coronavirus 2 on February 11th, 2020. (Lu et al., 2020). Shortly 

after, the WHO announced the coronavirus-caused disease as Coronavirus Disease 2019 

(COVID-19) (Xu et al., 2020). 

Coronavirus is a single-stranded ribonucleic acid, which was named after the 

appearance of the solar corona due to its spikes on the surface, which can reach up to 12 

nm (Cheng et al., 2020). The coronaviral genome encodes four significant structural 

proteins in the envelope, including the spike protein (S), which attaches to the 

Angiotensin-Converting Enzyme 2 (ACE2) receptor. Spike protein facilitates following 

binding of the host cell membranes and envelope, allowing the virus to enter the host 

cell (Kanne, 2020; Pan and Guan, 2020). 
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Coronaviruses are zoonotic, meaning they are spread to humans through animals. 

Coronaviruses may go through frequent recombination as a result of the natural 

recombination process, leading to structural genetic variation. SARS-CoV-2, in 

contrast, is not a recombinant of any sarbecoviruses. Its high affinity for the ACE2 

receptor suggests a common ancestor with two bat-derived SARS-like coronaviruses, 

bat-SL-CoVZC45 and bat-CoVZXC2. However, no actual proof exists and molecular 

mechanisms are unknown (Ergoren et al., 2021). 

1.2.2 SARS-CoV-2 Genome and Its Proteins 

SARS-CoV-2 has a + RNA genome of nearly 29.9 kb and essential genetic differences 

between isolates. The SARS-CoV-2 genome enters sensitive cells that express ACE2 

and TMPRSS2, and functions instantly as mRNA to translate two polyproteins, which 

are processed into 16 non-structural proteins (nsp116) from the ORF1a and ORF1b 

regions, to start genome transcription and replication (Woo et al., 2012). 

 

Figure 1: Genome architecture of SARS-CoV-2. A. Reference genome of SARS-CoV-

2. B. 5′ capped mRNA (Adapted from Naqvi et al., 2020). 

Viruses in the same category share some characteristics. The virus consists of four key 

structural proteins: envelope (E), spike (S), nucleocapsid (N), and membrane (M), 
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necessary for viral function and structure (She et al., 2020). S and N are the most 

essential proteins. N aids in the proper formation of the capsid and the structure. S aids 

the virus's attachment to the host cell (Siu et al., 2008; Walls et al., 2020). The S protein 

is composed of three distinct domains: a short intracellular tail, a large outer domain, 

and a single transmembrane channel anchor. Those parts are capable of attaching the 

host cell effectively. The outer domain of these segments includes two subdivisions, 

which are found in the crown structure: the S1, which contains receptor binding 

domain; and the S2, which regulates membrane fusion (Zumla et al., 2016). The SARS-

CoV-2 genome also modulates up to six accessory proteins, although translation of 

these proteins demands the use of individual sub-genomic RNAs (sgRNAs). Complete 

viral genomic RNA (gRNA) and short RNA primer (sgRNA) are formed in double 

membrane vesicles (DMV) by replication-transcription complex (Brant et al., 2021). 
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Figure 2. A) The schematic structure of the S protein. B) The binding of the S protein to 

the receptor ACE2. C) The binding and virus–cell fusion process mediated by the S 

protein. D) The life cycle of SARS-CoV-2 in host cells. (Adapted from Huang et al., 

2020). 
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1.2.3 Comparison of SARS-CoV, MERS-CoV and SARS-CoV-2 

MERS-CoV, SARS-CoV, and SARS-CoV-2 are three extremely virulent and fatal 

human coronaviruses that have appeared in the last twenty years. The financial forces 

and health risks posed by these coronaviruses are significant, and they are becoming 

more severe as the number of global infectious diseases and deaths related to SARS-

CoV-2 and MERS-CoV rises. 

Coronaviruses are classified into four genera: Alphacoronaviruses, Betacoronaviruses, 

Gammacoronaviruses, and Deltacoronaviruses (Woo et al., 2012 and Cui et al., 2019). 

SARS-CoV and MERS-CoV, which led to prior outbreaks in 2002 and 2012 

respectively, and the new SARS-CoV-2, are Betacoronaviruses, the main causes of 

infections in mammals and people (Snijder et al., 2003; Tang et al., 2015; Chan et al., 

2015). Gammacoronavirus and Deltacoronavirus, on the other hand, mainly infect fish 

and birds, though a few cases have been detected to cause disease in mammals (Woo et 

al., 2010). The existence of the Nsp1 in Alpha and Betacoronaviruses is the main 

distinguishing feature between the four genera. Among these two genera, Nsp1 has 

distinct protein size and sequence characteristics. In Gammacoronavirus and 

Deltacoronavirus, however, no Nsp1 counterpart has been identified (King et al., 2012). 

SARS-CoV and MERS-CoV are both very pathogenic viruses with fatal consequences 

(Rota et al., 2003; Li, 2016). SARS-CoV-2 has a high death rate as 3.8% and a greater 

rate of infection than the SARS-CoV does. (Benvenuto et al., 2020; Mousavizadeh and 

Ghasemi, 2020; WHO, 2020). To compare, mortality rate of SARS-CoV is 10% and 

that of MERS-CoV is 36% (de Groot et al., 2013; Li, 2016). 

The genome of SARS-CoV-2 is organized similarly to that of other hCoVs and has a 3′-

poly-A tail and a 5′-cap, which allows it to be translated by the host translation 

machinery (Wu et al., 2020). The formation of two polypeptides is facilitated by a Orf1a 

and Orf1b frameshift, at the 5′ end of SARS-CoV-2. Those polypeptides are then 

utilized by breaking down proteins into simpler products to generate 16 non-structural 

proteins engaged in different process stages of the infection cycle (Mousavizadeh and 

Ghasemi, 2020). The structural proteins N, M, S, and E are encoded at the 3′ end 

(Paules et al., 2020). 

It is also worth noting that the underlying mechanism of COVID-19 is related to that of 

SARS-CoV. According to studies, the main component RBM of the SARS-CoV-2 is an 
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amino acid residue (Gln493). Furthermore, Gln493 promotes viral S protein binding to 

virus and integration into ACE2 proteins in human cells, resulting in human respiratory 

infections (Yin et al., 2018). Preventing the virus entry is the most unchallenging and 

most efficient method to fight SARS-CoV-2 because it has been applied in preceding 

viruses of the same type (Walls et al., 2020). The host ACE2 protein will not change, 

which is the main benefit, so there is no need to be concerned about beneficial 

mutations that could inhibit drug discovery process (Killerby et al., 2018). 

SARS-CoV and MERS-CoV have significantly increased rates of death than SARS-

CoV-2. COVID-19, on the other hand, is more contagious - SARS-CoV-2 tends to 

spread more quickly among humans, resulting in a higher case count. Despite the lower 

mortality rate, the total number of deaths caused by COVID-19 far outnumbers those 

resulted in due to SARS-CoV or MERS-CoV. 

No cases of SARS-CoV have been detected in over a decade, but MERS-CoV has been 

an ongoing public health problem (Maldonado et al., 2021). 

1.2.4 Genomic Evolution and SARS-CoV-2 Variants  

Virus mutations, such as the coronavirus that is causing the COVID-19 pandemic, are 

not new or unexpected. Because it is in their nature to evolve and change gradually, all 

RNA viruses mutate over time. Virus variants arise due to mutation in the genes of 

virus, which may allow the coronavirus to spread more quickly and potentially trigger 

more serious complications of the disease (Raman et al., 2021). 

SARS-CoV-2 variants of concern identified by WHO include Alpha, Beta, Gamma, 

Delta, and Omicron. A variant of concern has a dramatically intensified attachment 

attraction in the RBD-hACE2 complex due to mutations in the spike protein receptor 

binding domain (RBD), enhancing the virus's transmissibility. Secondly, it is linked to 

the intensity of the COVID-19 disease and its spread in the human population 

(Shahhosseini et al., 2021). Variants of concern modulate or even enhance their ability 

to replicate regardless of growing immunity in the population, which can occur through 

infection recovery or vaccination (Hendyet al., 2021). 

The fairly low percentage of infections at the start of the pandemic compared to recent 

period of the pandemic led to decreased chances to mutate the viral genome and thus 

lower chances for distinct variants to develop (Tregoning et al., 2021). Because variants 
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were less common, S-protein mutations in the RBD, which interacts with ACE2, were 

also rare (Piplani et al., 2021). 

The SARS-CoV-2 genome has changed over time due to random mutations, resulting in 

the emergence of genetic variants that are believed to be highly infectious. It is worth 

noting that Alpha and Delta variants were discovered to be more contagious than 

formerly observed virus strains (Gallagher J, 2021). 

The Alpha variant was discovered in the UK in October 2020, in a sample collected in 

Kent. Between October and December 2020, its prevalence doubled nearly every week. 

Many countries are known to report lower cases of the Alpha variant because the most 

often used tests do not differentiate this SARS-CoV-2 variant from others. RNA 

sequencing is needed to detect this variant, though an RT-PCR test for certain variants 

can be used as a supplementing first-screening test for Alpha before performing whole-

genome sequencing. 

Later in December 2020 Beta variant was discovered in South Africa. This variant was 

distinguished by the fact that it was prevalent in younger population without any 

accompanying medical conditions. However, in contrast to other variants, it caused 

more life threatening illness. The variant can easily attach to human cells due to three 

mutations in the RBD in the virus's spike glycoprotein, which are N501Y, K417N, and 

E484K (Abdool Karim and Salim, 2020). 

The Gamma variant has 17 specific amino acid mutations and was discovered by the 

National Institute of Infectious Diseases (NIID) on January 6th, 2021 in Tokyo. Ten of 

seventeen amino acid mutations of this variant are in its spike protein (Faria et al., 

2021). According to a study, Gamma infections can result in approximately ten times 

the viral ton of people infected by other lineages reported in Brazil. Gamma also 

demonstrated 2.2 times greater risk of transmission with similar pathogenicity for both 

adults and elderly people, indicating that this variant is more effective at infecting 

young people regardless of gender (Nascimento and Souza, 2021). 

According to a study, in which samples taken in Manaus were investigated, the Gamma 

variant is 1.4–2.2 times more likely to be transmitted and can prevent 25–61% of 

inherited immunity from earlier coronavirus diseases, increasing the chances of 

reinfection after recovery. In terms of mortality ratio, Gamma infections were observed 

to be 10–80% more lethal (Zimmer, 2021). 
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Initial information from two research studies show that the Oxford–AstraZeneca 

vaccine and CoronaVac are successful in the fight opposed to the Gamma variant 

(Gaier, 2021). 

The Delta variant was discovered in India and has spread to at least 185 countries 

(WHO, 2021). Public Health England reported on June 3rd, 2021, that 12 of the 42 

deaths from the Delta variant in England were among the fully vaccinated, and that it 

was almost two times more contagious than Alpha variant (Pearson et al., 2021). 

In June 2021, cases of a Delta variant with the K417N mutation, which brought up 

concerns about the impact of vaccine and antibody treatment ineffectiveness and a 

higher likelihood of reinfection, started occurring (Acharya, 2021). 

The Omicron variant was discovered in November 2021 in South Africa and Botswana 

(WHO, 2021). The variant contains numerous mutations, most of which are extremely 

concerning. The number of Omicron cases is growing throughout South Africa. 

According to some findings, this variant is more likely to result in reinfection. There are 

currently studies being conducted to determine the exact effect on disease transmission, 

morbidity, and other aspects (BBC News, 2021). 

There are also variants of interest declared by WHO, such as Lambda and Mu. In 

comparison to other strains, there is insufficient information on outbreak and vaccine 

resistance. Furthermore, there are "variants of interest" ('VUI') which seem to satisfy 

COVID-19 pandemic criteria (WHO, 2021). 

At the beginning of the current study Delta variant of the SARS-CoV-2 was considered 

the latest and the most spread variant of concern, which resulted in sample collection of 

this variant. 

1.2.5 Pathogenesis 

COVID-19 pathogenic stages remain controversial. Previous studies have reported that 

SARS-CoV infection can be divided into three stages: viral replication, immune 

hyperactivity, and lung destruction (Navas-Martn and Weiss, 2004). COVID-19 has 

been classified into three clinical phases: viraemic, acute, and recovery (Lin et al., 

2020). Virus intervention and reproduction, poorly regulated immune reaction, organ 

failures, and recovery are all frequently reported during the infection process. It 

multiplies, gets together, and is released on target cells, leading to parenchymal cell 
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damage and disruption. Simultaneously, a vast amount of damage-associated molecular 

pattern (DAMP) and pathogen-associated molecular pattern (PAMP) molecules are 

emitted to induce the innate immune response, initiate inflammatory cell invasion, and 

maintain significant amounts of cytokines, chemokines, and proteases free 

proteins (Quirch et al., 2020). 

Following this critical stage, the inflammatory reaction progressively dissipates, the 

damaged organ gradually recovers, and pathology and chronic steps, for example, 

chronic disorders, prolonged inflammation, lowering body's immune response, and 

catabolism syndrome, occur in some of the malfunctioning organs (Bhaskar et al., 

2020). 

The pathogenesis of the virus is influenced by several factors. Thus, S1 specifies the 

virus's host cell area and tropism through the RBD, and S2 modulates virus membrane 

binding to its cellular host via H1 and HR2. According to research, the S1 domain 

significantly increases the levels of IgG and IgA antibodies. A lot of essential COVID-

19 vaccines are based on the expression of focus spike proteins (Wiersinga et al., 2020). 

1.2.5.1 Host Cell Invasion 

CoV entrance into host cells is a multi-stage procedure that includes numerous different 

domains in protein S, which facilitate viral binding to the target cell, receptor 

interaction, protease exposing, and membrane attachment. The viral genome is then 

emitted into the cytoplasm, where it multiplies inside of host cells (Letko et al., 2020). 

Three CoVs in particular (human CoVNL63, SARS-CoV, and SARS-CoV-2) that are 

bound to the same ACE2 result in different disease intensities, highlighting the 

differences between these three coronaviruses (Davidson et al., 2020). 

Coronavirus spike proteins play critical roles in virus binding and entrance into target 

cells. ACE2, an enzyme that helps regulate blood pressure, is the receptor for SARS-

CoV and SARS-CoV-2. SARS-CoV cell entry is unaffected by ACE2 catalytic activity 

(Wan et al., 2020). 

The entry contains two spike protein subunits that perform distinct functions. The S1 

modulates ACE2 binding via the RBD. The binding of the virus and host cell 

membranes is driven by the S2 subunit, which contains the fusion peptide and 

transmembrane domains. The peak protein must be spared to two locations directly in 
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the cell membrane, endosomes, or both in order to be stimulated for the fusion 

(Davidson et al., 2020). 

1.2.5.2 Host Response to SARS-CoV-2 

The innate immunologic reaction is a significant obstacle to viral infection. 

It recognizes and reacts to viruses using different pattern recognition receptors 

(PRRs) (Iwasaki and Pillai, 2014). The severity of the host's immune and inflammatory 

responses is determined by the kind of virus, amount of virus in the blood, and the host's 

immunity condition and age. To remove the invading viruses, the host innate immune 

cells are encouraged to generate cytokines and chemokines effective against viruses 

(Asehnoune et al., 2016). 

Pathogenic RNAs are released after CoVs enter human host cells, where they start to act 

as PAMPs, which can be identified by PRRs such as retinoic acid-inducible type I 

receptors and toll-like receptors (Takeuchi and Akira, 2010). Stimulation of the 

mentioned cell receptors causes transportation of nuclear transcription factors to the cell 

nucleus via the cytosol, gene transcription and expression of acute inflammatory 

response proteins, cytokines and chemokines, which can cause inflammation (Huang et 

al., 2020). 

1.2.5.2.1 Cytokine response 

Physical and chemical barriers mediated by antimicrobial peptides and free radicals, 

soluble agents, and innate immune cells comprise the innate immune system (Williams, 

2011; Koenderman et al., 2014). 

Innate immune system has several functions. Firstly, the primary objective is to 

avoid pathogen entry via physical and chemical barriers. Secondly, infection spread via 

the complement system and other humoral factors should be prevented. Thirdly, it is 

important to eliminate pathogens via phagocytosis and cytotoxicity mechanisms. Last 

but not the least, the adaptive immune system should initiate via the production of some 

cytokines (Williams, 2011; Tosi, 2005). 

Different cell types generate and release cytokines, which form a molecular network 

and exert paracrine and endocrine effects via receptors representing the target cell. 

These molecules are generated as a result detection of particular pathogen structures via 

their receptors (Prieto and Cotman, 2017). 
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At first, cytokines were classified according to the activity they accomplished, which 

included regulation of the immune system and acting as an effector on cells. Those 

impacts were observed at the local level, as well as at the tissue or system level. 

Cytokines play a significant role in regulating the organism's homeostasis. However, 

this homeostasis can be interrupted if synthesis or signaling pathway of cytokines in the 

cell is disrupted, which can lead to pathology (Gadina et al., 2017). Cytokines are 

divided into five categories starting from type I cytokines till type V cytokines. The IL-

17 family may enhance systemic levels during a pathological condition and influence by 

attaching to their receptors, where signal translation occurs, contributing to gene 

expression and, ultimately, regulating the target cell role (Kany et al., 2019). The cell's 

cytokine pattern is mainly determined by the characteristics of the antigenic stimulus 

and stimulated cell type. Cytokines impair white blood cells' ability to react to a 

microbial stimulus by enhancing the discharge of free radicals and nitrogen species, and 

cytokine release modulating arachidonic acid derivatives. Moreover, cytokines can 

induce cell death by binding to death domain-containing receptors, such as TNF 

receptor 1 (R1) (Kakar, 2017). 

The inflammation intensity can be associated with cytokine storm (Soy et al., 2020). As 

it is a main reason of complications and deaths in COVID-19 disease, treatment is 

suggested to fight the cytokine storm (Quirch et al., 2020). 

A cytokine storm is a result of an acute hyper-inflammatory reaction that leads to 

medical problems in many diseases. In COVID-19, it is linked to a poor outcome of 

disease and greater death rate. The cytokine storm is deliberately resulted when 

cytokines such as IL-1, IL-2, IL-6, TNF-alpha, and interferon-gamma, which are major 

elements of immune responses, are produced. The central nervous system is often 

affected by cytokine storm and its cells, which are also engaged in the exemption of 

cytokines, causing inflammation, that also have an impact on the nervous 

system (Bhaskar et al., 2020). 

1.2.5.2.2 Non-cytokine mediators 

Chemokines are small molecules that primarily aim to promote the movement of 

leukocytes. They are also known as chemotactic cytokines and belong to a family of 

peptides that are structurally similar to cytokines, and produced following certain 

signals, such as proinflammatory cytokines, and are engaged in recruiting monocytes, 
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lymphocytes, neutrophils (Proudfoot et al., 2015). According to the systematic 

nomenclature, those molecules are characterized by the appearance of four preserved 

cysteine residues and are categorized into four groups depending on the amount of 

amino acids between the first two cysteines (Deshmane et al., 2009). 

1.2.5.2.3 Hormones 

A disrupted and excessive innate immune response is related to severe COVID-19 

outcomes. Patients die not only as a result of viral replication, but also due to the 

cytokine storm caused by the infection.  I immune cells invade organ tissues in order to 

keep the body safe, causing monocytes and macrophages to increase the concentration 

of the primary pro-inflammatory cytokine, IL6, as well as IL1beta and TNF-alpha 

(Shimabukuro-Vornhagen et al., 2018). 

Jarvis et al. (2020) proposed that estrogen and its receptors are important in minimizing 

cytokine storm. I is also suggested that estrogen receptors can be found on all immune 

cells, and estrogen treatment diminishes the innate immune response, lowers pro-

inflammatory cytokines, and increases anti-inflammatory cytokines. 

Another immunomodulating sex hormone that can be used in the fight against COVID-

19 is progesterone. When progesterone is present, CD4+ T-helper cells shift from Th-1 

to Th-2 in the development of anti-inflammatory cytokines, particularly IL4 and IL10. 

All of this is related to the shift in innate and adaptive immune responses seen during 

pregnancy, which aims at minimizing pro-inflammatory responses to prevent fetal 

rejection and promoting passive transfer of maternal antibodies (Mauvais-Jarvis et al., 

2020). 

1.2.5.2.4 Cellular immune response 

There are no particular drugs against viruses, so the body's immune reaction is a 

significant aspect influencing disease development and prognosis. As a result, a greater 

knowledge of the cellular immune reaction process from mild illness to lethal disease is 

required for the development of diagnostic markers and plan of action for COVID-19 

therapy. 

The progression of the antiviral immunologic reaction in SARS-CoV-2 also include a 

structured cellular and molecular cascade, which modulate virus removal and immune 

destruction. Several innate immune recognition mechanisms protect from viruses 
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throughout infection process (Stetson and Medzhitov, 2006). After a few hours, the 

innate immune system initiates a rapid antiviral reaction via cytokines and 

chemokines to prevent virus replication. Afterwards, the adaptive immune system starts 

to operate. T lymphocytes are important in virus discharge after infection, they instantly 

diffuse and kill infected cells to completely remove viruses, and they release cytokines 

to boost the immune reaction of T lymphocytes and other immunocompromised cells. 

The body then inhibits the activity of innate immunity in order to protect the host 

from damage (Kim et al., 2007). Innate immune cells and adaptive regulatory cell types 

help to resolve inflammation after pathogens are removed (Dorward et al., 2020). 

1.2.6 Identification of SARS-CoV-2 and Therapeutics 

The initial course of action in COVID-19 management is fast and precise diagnosis of 

SARS-CoV-2, which is accomplished by real-time reverse transcription–polymerase 

chain reaction (RT–PCR), detecting nucleic acids of virus in nasopharyngeal fluids (Liu 

et al., 2020). Testing is used to avoid infectious transmission among individuals and 

groupings, which may involve infected people without symptoms, whose viral 

discharge may unintentionally spread the infection to the older adults and people with 

chronic conditions (Wang et al., 2020). Accurate viral detection is the first step toward 

comprising the COVID-19 pandemic (Loeffelholz et al., 2020). 

SARS-CoV-2 pandemic diagnostic tests rely on discovering antibody, protein, and 

nucleic acid. However, detection of nucleic acid by RT–PCR considered as the gold 

standard (Kevadiya et al., 2021). In comparison to the currently available serological 

tests, nucleic acid tests have increased efficiency for virus detection. SARS-CoV-2 

detection is dependent on RT–PCR as an accurate method. Although the test is accurate, 

the results still have not aided viral infection containment (Okba et al., 2020). 

Chest CT scans, in addition to laboratory tests, can help in the diagnosis of COVID-19 

in individuals who are suspected of infection. 

Rapid antigen test detects specific proteins in the virus. A long nasal swab is used for 

this test to get a fluid sample, and its advantage is that the result can be ready in a few 

minutes. However, it is not as accurate as RT-PCR test, meaning that the chance of 

false-negative results are higher (Winichakoon, 2020). 
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1.2.6.1 Clinical Features and Risk Factors  

COVID-19 symptoms differ in severity, varying from minor to severe illness (CDC, 

2021). Muscle soreness, loss of smell and taste, cough, diarrhea, and fever are all 

considered common symptoms of COVID-19 (Grant et al., 2020). People suffering 

from the same infection may experience various symptoms, which may keep on 

evolving. There are three groupings of symptoms: one respiratory symptom group 

involving cough, fever, and shortness of breath; another one is musculoskeletal 

symptom group including muscle soreness; and the third one is digestive symptom 

group involving vomiting and diarrhea. COVID-19 is associated with loss of taste and 

loss of smell in people who have never had ear, nose, or throat problems. 

Not less than one-third of those infected with the virus show no symptoms at all. These 

asymptomatic carriers are less likely to be tested and thus contribute to the disease's 

spread. Other infected individuals experience symptoms afterwards and may 

transmit the virus to others (Gao et al., 2020). 

The majority of patients get better after the disease's acute phase. However, some 

people keep on suffering from a variety of complications, even months after recovery. 

In this condition long-term organ damage has been reported. Longitudinal researches 

are being conducted to continue discovering the disease's long-term impact. COVID-19 

can affect anyone, but some people might have severe symptoms due to other factors 

called co-morbidity. These are commonly called “risk factors” for example; advanced 

age, obesity, cancer and other medical conditions (Struyf et al., 2021). 

1.3 Human Genetic Variations 

The genetic variation in humans create diversity within and between populations. There 

can be multiple variants (alleles) in one locus called polymorphism.  

A polymorphism is a genetic variant occurring in not less than 1% of the population. 

These mutations can generally occur in non-coding regions called introns. They do not 

have any impact on protein translation, however they might play role in gene expression 

when they are located in the regulatory region of the genome (Valdivielso et al., 2006). 

1.3.1 Host Polymorphisms and COVID-19 

Genetic factors can affect the emergence and spread of infectious diseases, according to 

evidence (Hill, 2012). Several genetic variants, primarily single nucleotide 



32 
 

polymorphisms (SNPs), are linked to sensitivity to viral respiratory infections. Till 

recently, the particular role of genetic make-up in COVID-19 disease has been 

understudied, despite the fact that proinflammatory-related pathways have been 

implicated (Ye et al., 2020). 

Acknowledging the host genetic factors engaged in SARS-CoV might lead to the 

development of novel treatment methods to prevent control this disease using an 

individualized medical perspective (Ramos-Lopez et al., 2017). 

1.4 The Role of Vitamin D in the Human body 

Vitamin D is a fat-soluble vitamin which plays a vital role in bones strengthening, 

muscles, and general well-being of an individual. Two main forms of vitamin D are D2, 

also known as ergocalciferol, and D3, also called cholecalciferol. The primary 

biological function of vitamin D is to keep average calcium and phosphorus blood 

levels (Krawiec and Dominiak, 2018). Vitamin D rich diet may also reduce an 

individual’s danger of developing osteoporosis, hypertension, cancer, and numerous 

autoimmune diseases. Studies report that it triggers the body’s immune cells to generate 

antibodies; for this reason, vitamin D supports a general increase in the strength of the 

immune system. To date, greater than 500 research help the function of vitamin D in the 

health of the immune system. Results from some research report that vitamin D assists 

withinside the renovation of joint and muscle comfort, in addition to the renovation of a 

healthful mood, and helps breast, colon, and prostate health (Krawiec and Dominiak, 

2018). Vitamin D is known to aid the body's absorption and retention of calcium and 

phosphorus, both of which are crucial for bone formation. Furthermore, studies reported 

that vitamin D can inhibit cancer cell growth, aid in infection control, and reduce 

inflammation. Vitamin D is related to a number of diseases, such as cardiovascular 

disease, diabetes, cancer, autoimmune disease, infectious disease, and others 

(Charoenngam, Holick, 2020). 
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Figure 3. Vitamin D metabolism. (Adapted from Galliera and Romanelli, 2020). 

Vitamin D also has anti-inflammatory functions especially in viral infections, and can 

act as an immune modulator (Charoenngam, Holick, 2020). 

Although many people normally achieve good enough quantities of vitamin D through 

daylight exposure and nutritional sources, a few people can be at a more threat for 

deficiencies, mainly at some point of the winter season (Holick, 2004). 

Patients who can be at excessive danger for vitamin D deficiencies consist of the 

elderly, overweight individuals, only breastfed infants, and people who have 

constrained solar exposure. In addition, people who have fats malabsorption syndromes, 

like cystic fibrosis or inflammatory bowel ailment, are vulnerable to have vitamin D 

deficiency. The use of specific medicines consisting of phenytoin and carbamazepine 

might also additionally grow the metabolism of vitamin D. These medications increase 

vitamin D metabolism in the liver to inactive compounds while lowering calcium 

absorption (Norman, 2008). 

1.4.1 Vitamin D and Disease Associations 

Vitamin D is essential for calcium homeostasis and metabolism. It was discovered while 

looking for a missing nutritional substance in children with rickets, an infantile form of 

osteomalacia (Wolf, 2004). Vitamin D supplements are administered to patients to cure 
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or reduce the risk of developing osteomalacia and rickets. Other medical impacts of 

vitamin D supplements in people taking vitamin D are contradictory. The influence of 

vitamin D supplementation on deaths is unclear, with one meta-analysis finding a small 

drop in death rates in the older adults and another concluding that there is no 

clear objectives for recommending supplementation and that no additional research of 

this nature is required (Bjelakovic et al., 2014). 

Multiple studies have found that vitamin D has a wide range of effects on the biological 

processes modulating calcium and phosphorus metabolism, effects on cell growth, 

differentiation, cell death, immunomodulation and genome stability. Recent research 

has also identified a correlation between vitamin D and cardiovascular disease, diabetes, 

cancer, autoimmune diseases, infectious diseases, and others (Wang et al., 2017). 

Vitamin D deficiency (VDD) is related to a broad range of diseases, involving skeletal 

issues, immune system deficiencies, depression, and cardiovascular disease. Limited 

sun exposure, old age, and sedentary lifestyle are known as factors linked to a greater 

risk of VDD along with VDR gene mutations (Kandemis et al., 2021). 

Obviously there is many unknown information about COVID-19 disease, since it has 

newly emerged. However there are some studies revealing association between COVID-

19 and vitamin D. Vitamin D level has been found to be low in COVID-19 patients in 

many studies (Carpagnano et al., 2021), and on the contrary increased vitamin D levels 

have been suggested to help in avoiding COVID-19 (Weir et al., 2020). 

In recent years, it has been discovered that a large proportion of the Northern Cypriot 

population is vitamin D deficient. Considering the fact that Cyprus receives constant 

sunlight throughout the year and that the Mediterranean diet is rich in vitamin D 

containing foods, it is reasonable to conclude that factors other than exposure to sun and 

diet are influencing vitamin D levels. Kandemis et al., (2021) investigated relationships 

between vitamin D levels and common VDR polymorphisms in 131 Turkish Cypriots, 

and larger numbers of young patients suffering from the consequences of low vitamin D 

levels were identified due to a significant change in the population's lifestyle. 

A new study from Trinity College and the University of Edinburgh looked at the 

relationship between vitamin D and COVID-19. Nearly 500,000 people in the UK 

participated in this research, and each participant's exposure to UVB radiation prior to 

COVID-19 infection was evaluated individually. The study's findings indicate that 
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ultraviolet B (UVB) radiation which is essential for vitamin D production within the 

skin, was very protective against severe disease and death at an individual's 

accommodation in the weeks prior to COVID-19 infection.  This suggests that vitamin 

D may also protect against excessive COVID-19 disease and death (Martineau et al., 

2017). 

1.4.2 Vitamin D Receptor Gene Polymorphisms and COVID-19 

Thus, vitamin D has a lot of functions maintaining a good health of human, but its 

biologically active form can only start acting after attaching to its concrete vitamin D 

receptor encoded by VDR gene. The VDR gene codes for a vitamin D receptor (VDR), 

a protein enabling the body to react to vitamin D. (Martineau et al., 2017). 

COVID-19 prevalence and mortality rates may be affected by the modulatory effect of 

individuals' biologically available vitamin D levels, which is defined by genetic factors 

such as polymorphisms in the VDR gene (Abdollahzadeh et al., 2021). 

The VDR gene is found on chromosome 12 and its most common polymorphisms are 

the TaqI-rs731236 T>C, ApaI-rs7975232 A>C, BsmI-rs1544410 G>A and FokI-

rs10735810 C>T. These genetic variants have been related to a higher risk of chronic 

diseases like autoimmune diseases, type 2 diabetes, and cancer (Li et al., 2013 and Lee 

et al., 2011). 

However, since several genetic association research findings come to contradictory 

conclusions, Usategui-Martn et al. (2022) conducted a study to assess the reaction to 

vitamin D supplementation based on the FokI, TaqI, BsmI, and ApaI polymorphisms in 

the VDR gene. The FF genotype of the FokI variant and the variant allele of the TaqI 

were linked to a greater reaction to vitamin D supplementation, according to the 

findings, whereas BsmI and ApaI were not. 

Peralta et al. (2021) discovered a relationship between the likelihood of acquiring 

COVID-19 and the genotypes of the TaqI in Cuban patients. Polymorphisms in the gene 

coding for the formation of VDR have been linked to D hypovitaminosis (Santos et al., 

2012). Exon nine codon 352 is polymorphic, and it can be ATC or ATT. TaqI 

polymorphism has been characterized as a factor associated with infectious disease 

resistance (Bellamy et al., 2021); thus, it could be linked to COVID-19. 
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The F allele of the FokI polymorphism was linked to the production of a more active 

protein (Arai et al., 1997). VDR activity may be correlated with improved reaction to 

supplements of vitamin D. 

To summarize, the TaqI and FokI polymorphisms may contribute to modulating the 

response to vitamin D supplementation because they are related to improved reaction to 

supplementation as well as a predisposition to chronic diseases, which is why we chose 

these polymorphisms for this study. 

1.5 The Work in this Thesis 

This study was conducted to investigate the allelic frequencies and genotyping 

distribution between FokI and TaqI VDR polymorphisms in COVID-19 patients 

infected by SARS-CoV-2 Delta variant to indicate the putative impact of VDR genetic 

variations on COVID-severity. 
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CHAPTER 2: MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Suppliers 

HiMedia Insta Q96™ Real Time (HiMedia, Mumbai, India), Tianlong GeneRotex96 

Rotary Nucleic Acid Extraction System (TIANLONG, Shaanxi, China), Bio-Rad 

MyCycler™ Thermal Cycler System (Bio-Rad, California, USA), Applied Biosystems 

Veriti Thermal Cycler (Applied Biosystems, Waltham, Massachusetts, USA), DNR Bio 

Imaging Systems MınıBIS Pro (DNR Bio Imaging Systems, Neve Yamin, Israel), Cleaver 

Scientific gel electrophoresis instrument and power supply (Cleaver Scientific, Rugby, 

UK). 

2.1.2 Sample Collection 

A total number of 200 individuals who admitted to Near East University Hospital 

COVID-19 PCR Diagnosis Laboratory for routine SARS-CoV-2 RT-PCR test was used 

in this study. The control group consisted of individuals who were SARS-CoV-2 RT-

qPCR negative. On the other hand, the case group consisted of patients who were SARS-

CoV-2 RT-qPCR positive, infected with SARS-CoV-2 Delta variant. 

2.1.3 Chemical Reagents 

2.1.3.1 Molecular Weight Markers 

GelPilot 50 bp DNA ladder (QIAGEN, Hilden, Germany) catalogue no. 239025) and 

GeneRuler 50 bp DNA ladder (Thermo Scientific™, Pittsburg, USA, catalogue no. 

SM0371) were used as a molecular weight marker.  

2.1.3.2 Oligonucleotide Primers 

The primers pairs which were designed for FokI (SNP: rs10735810 C>T) and TaqI (SNP: 

rs731236 T>C), polymorphisms were synthesized from Oligomer company (Table 1). 

Primers Sequence 

FokI (rs10735810) 

 

Forward 

 

 

 

5’-AGC TGG CCC TGG CAC TGA CTC TGC TCT-3’ 
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Reverse 5’-ATG GAA ACA CCT TGC TTC TTC TCC CTC-3’ 

TaqI (rs731236) 

 

Forward 

 

Reverse 

 

 

5’-CAG AGC ATC GAC AGG GAG CAA-3’ 

 

5’-CAC TTC GAG CAC AAG GGG CGT TAGC-3’ 

Table 1: The sequence of FokI and TaqI forward and reverse primers for multiplex 

PCR 

2.1.3.3 Enzymes 

The TaqI enzyme recognizing T^CGA sites (Thermo Fisher Scientific, Waltham, 

Massachusetts, USA, catalogue no. K1991) and the FokI enzyme recognizing GGATG 

(9/13) ^ site (Thermo Fisher Scientific, catalogue no. FD2144) were used to digest of 

PCR products following DNA amplification. 

2.1.3.4 Standard Solutions 

A 10x stock of Tris-Borate/ EDTA (TBE) which is an electrophoresis buffer (108 gr Tris 

and 55 gr Boric acid and 40 ml 0.5 M EDTA pH 8.0) was dissolved in 1 ml water. 10X 

TBE buffer was diluted to 1X (100 ml from 10X TBE + 900 ml of Distilled water).  

2X PCR Master Mix (Thermo Fisher Scientific, catalogue no. K0172), which is the 

solution includes Taq DNA Polymerase, dNTPs, and all the components required for the 

PCR, was used for amplification of DNA.  

2.1.3.5 Other Chemical Agents 

Agarose powder (Sigma-Aldrich, catalogue no.  11388983001) was used to gel 

electrophoresis showing PCR-RFLP products of samples. Ethidium bromide (EtBr) 

(Sigma-Aldrich, catalogue no.  E1385) which is a fluorescent dye was used for making 

agarose gel visible. 

2.1.3.6 Computers 

GelCapture Software packages were used to view and analyze the gel images and store 

the imaging data. Statistical analysis of data has been done using Statistical Package for 

the Social Sciences (SPSS). 
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2.2 Methods 

2.2.1 The Detection of SARS-CoV-2 from VNAT Solution by Real-Time 

Polymerase Chain Reaction 

SARS-CoV-2 detection was obtained with UNIPLEX SARS-CoV-2 RT-qPCR 

diagnosis kit (Near East University, Nicosia, Cyprus) from VNAT Solution by 2X PCR 

Master Mix (Thermo Fisher Scientific, Waltham, Massachusetts, USA, catalogue no. 

K0172), Real-Time Polymerase Chain Reaction according to manufactory instructions. 

2.2.2 Nucleic Acid Extraction 

The viral RNA from the VNAT solution was extracted by viral DNA RNA extraction kit 

(Tianlong, China, catalogue no.  T014H).  

Human DNA was isolated from VNAT solutions which diagnosis were done for COVID-

19 using DNA extraction kit (Tianlong, China, catalogue no.  T191H).  

2.2.3 SARS-CoV-2 Mutation Typing and variant identifying using TaqMan Allele 

Specific Primers (ASPs) 

The SARS-CoV-2 positive patients were included to variant identifying analysis by 

using TaqMan allele specific primers for mutations of SARS-CoV-2 Delta variant. The 

variant identifying analysis was done by use of Multiplex SARS-CoV-2 VOC RT-qPCR 

identifying kit (Near East University, Nicosia, Cyprus) according to manufactory 

instructions. 

2.2.4 Amplifying the VDR Gene Target Regions by PCR 

PCR was used to amplify of target mutated regions of the VDR gene from isolated 

genomic DNA. The PCR step was done for all 200 samples using for each FokI and 

TaqI restriction enzymes, 400 in total. PCR reaction was performed in a total volume of 

20 µl, containing 15 µl of PCR mixture and 5 µl of DNA and the PCR reaction mixture 

composition was presented in Table 2. Thermal cycling conditions to amplify of target 

mutated regions of the VDR gene including the temperature regimes and the durations 

of each step were presented in Table 3. 
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Component 1X 

PCR Master mix 10 µl 

FokI/TaqI Forward primer 

(10µM) 

0,75 µl 

FokI/TaqI Reverse primer 

(10µM) 

0,75 µl 

PCR grade Distilled water 3,5 µl 

Table 2. Master Mixture composition for FokI and TaqI PCR 

Stage Temperature Time Cycles 

Initial denaturation 94 ℃ 5 minute 1 cycle 

Denaturation 94 ℃ 30 seconds  

35 cycles Annealing 63 ℃ 30 seconds 

Extension 72 ℃ 1 minute 

Termination 72 ℃ 7 minutes 1 cycle 

Table 3. Thermal cycling conditions for FokI and TaqI PCR. 

Following the PCR, the gel electrophoresis was done for the yield amplified products. A 

2% concentrated agarose gel was prepared (4 grams of agarose were combined with 200 

ml of TBE buffer). After dissolving agarose, the compound was cooled down and 10μL 

EtBr was added. 10 µl of each PCR product with 2 µl of loading dye and 5µl 50bp ladder 

were loaded into the agarose gel. The Bio-Rad electrophoresis device was used to run the 

samples at 90-110 volts. The entire procedure lasted approximately 90 minutes. The 

bands (TaqI 500bp, FokI 265bp) were visualized using an ultraviolent trans-illuminator. 

2.2.5 Genotyping the VDR Gene Polymorphisms by Restriction Fragment Length 

Polymorphisms (RFLPs) 

After visualization of the bands RFLP analysis was done for Taq1 and Fok1 

polymorphisms by the use of mutation specific restriction enzymes. RFLP analysis was 

carried out in a total volume of 20 µl, containing 10 µl of RFLP mixture and 10 µl of 

amplified product from PCR. The exact RFLP mixture composition was presented in 

Table 4. The samples stayed at 37°C for 30 minutes for Fok1 and at 65°C for 30 

minutes for Taq1 polymorphisms for the RFLP analysis. 

Component 1X 
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Distilled water 4 µl 

Digest Green Buffer 5 µl 

FokI/Taq1 restriction enzyme 1 µl 

PCR product 10 µl 

Table 4. RFLP mixture for FokI and Taq1 polymorphisms 

A 3% concentrated agarose gel, containing ethidium bromide was prepared (6 grams of 

agarose were combined with 200 ml of TBE buffer) to separate the RFLP products. The 

10 µl of RFLP products with 2 µl of loading dye and 5 ml 50 bp ladder were loaded into 

agarose gel. The Bio-Rad electrophoresis device was used to run the samples at 90-110 

volts. The entire procedure lasted approximately 90 minute. The bands were visualized 

using an ultraviolent trans-illuminator. 

In the presence of mutation, for Fok1 restriction endonuclease recognizes the sequence 

and cut the PCR product into 196 and 69 bp fragments and the uncut 265 bp fragment 

indicates the Wild type genotype (Figure 1). In case of TaqI polymorphism, the Taq1 

restriction endonuclease recognizes the sequence and digest yielded PCR product into 

295 and 205 bp fragments and the uncut 500 bp fragment indicates the Wild type 

genotype, the electropherogram of Taq1 polymorphism analysis is presented in Figure 

2.   
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Figure 4: The electropherogram of FokI rs10735810 polymorphism PCR-RFLP 

analysis. Line 1, 2 and 6: Wild type 265 bp fragment, Line 3 and 4: Homozygote 196, 

69 bp, Line 5: Heterozygote 265, 196 and 69 bp and Line 7: GelPilot 50 bp DNA ladder 

(QIAGEN, catalogue no. 239025). The DNA ladders were used for approximate sizing 

of DNA fragments 

 

  

 

Figure 5: The electropherogram of TaqI rs731236 polymorphism PCR-RFLP analysis  

Line 1: Wild type 500 bp fragment, Line 2, 3 and 5: Heterozygote 500, 295 and 205 bp, 

Line 4 and 6: Homozygote 295 and 205 bp and Line 7: GeneRuler 50 bp DNA ladder 

(Thermo Scientific™, catalogue no. SM0371). The DNA ladders were used for 

approximate sizing of DNA fragments 

2.2.6 Statistical Analysis 

SPSS software (Statistical Package for the Social Sciences, SPSS Inc, Chicago, IL, USA, 

and version 25) was used to perform statistical analysis of the data. Descriptive data and 

genotype data of the study group were demonstrated as mean ± standard deviation (SD) 
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or number and frequency, where applicable. The Student's t-test and Mann–Whitney U 

test were used to make comparisons between normal and non-normally distributed 

quantitative variables. Chi square (x2) was used to compare the genotype and allelic 

frequency distributions of FokI and TaqI polymorphisms between study groups. When 

the conditions for using the chi-square test were not accomplished, Pearson's chi-square 

test or Fisher's exact test were used to confirm the association of categorical variables 

between study groups. Hardy-Weinberg equilibrium (HWE) was evaluated by Fischer’s 

exact test. The OR and 95% CI were calculated using binary logistic regression analysis 

with codominant, dominant, additive, and recessive inheritance models. Akaike's 

information criterion (ACI) was used to select the inheritance model that is the most 

suitable for the data. To assess group differences, the data were log transformed to satisfy 

ANOVA criteria before being subjected to one-way ANOVA with Tukey's posthoc 

analysis. TaqI and FokI polymorphisms were assessed for their relative risks in COVID-

19 Delta variant patients by estimating odds ratios (ORs) and 95% confidence intervals 

(CIs), which were considered separate outcomes. In all cases differences were found 

important at p < 0.05. 

 

CHAPTER 3: RESULTS 

3.1 Introduction 

At the onset of the pandemic, researchers noted overlaps between populations with 

greater chance of developing severe form of COVID-19 and those who are thought to 

be vitamin D deficient, particularly among obese people, the elderly, and those with 

darker skin, because they may not make enough vitamin D from sunlight. In addition, 

patients with COVID-19 disease may have vitamin D deficiency due to spending most 

of the time indoors because of the COVID-19 pandemic (Ricci et al., 2021).  

Vitamin D supplementation decreases the chances of respiratory infection, controls 

cytokine production, and may reduce the risk of other viruses like influenza. In people 

with COVID-19, a respiratory infection can set off cytokine storms, a vicious cycle in 

which inflammatory cells harm organs across the whole body and increase death rates. 

Increased numbers of COVID-19 deaths in the elderly and people with chronic illnesses 

imply that a compromised immune system plays a significant role in poor results. 
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Adequate vitamin D levels may provide modest protection to vulnerable populations 

(D'Avolio et al., 2020). 

There are several observational studies showing that low vitamin D levels are linked to 

a higher chances of becoming seriously ill with COVID-19 (Martineau and Forouhi, 

2020). 

In a cohort study by Meltzer et al., 2020 with a total number of 489 patients the chances 

of testing positive for COVID-19 were 1.77 times higher for patients with vitamin D 

deficiency (VDD) in contrast to those with adequate amount (Meltzer et al., 2020). 

Another research found that 82.2% of 216 COVID-19 hospitalized patients in Spain 

have vitamin D deficiency. Although VDD in patients hospitalized for COVID-19 had a 

high frequency, no link was found between plasma concentrations of 25OHD and the 

intensity of SARS-CoV-2 (Hernández et al., 2021). 

In this study, we investigated the allelic frequencies and genotypic distribution between 

vitamin D receptor (VDR) gene polymorphisms, such as FokI rs10735810 and TaqI 

rs731236 in COVID-19 patients infected by the SARS-CoV-2 Delta variant and 

compared them with those who were tested negative for SARS-CoV-2 as a control 

group. 

3.2 General characteristics of the study group 

The study group includes 100 COVID-19 patients infected by the SARS-CoV-2 Delta 

variant and 100 non-infected patients as a control group. The mean age of COVID-19 

Delta variant patient’s ± SD was 35.64±15.84. The gender distribution of the patients’ 

group is 38% female and 62% male. 

3.3 Allelic and genotypic distribution frequency of VDR FokI and TaqI 

polymorphisms in COVID-19 patients.  

The genotypic and allelic frequency distributions of FokI rs10735810 and TaqI 

rs731236 SNPs in patients infected by the SARS-CoV-2 Delta variant and control group 

are presented in Table 5. There was found an essential contrast in genotype frequencies 

of rs10735810 and rs731236 variants between SARS-CoV-2 Delta variant infected 

patients and control group (p<0.05) (Table 5).  
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Furthermore, the risk alleles, rs10735810 allele and rs731236 allele, were found to be 

statistically significant (OR=2.00, 95% CI=1.30-3.06, OR=1.92, 95% CI=1.27-2.91, 

respectively) in SARS-CoV-2 Delta variant infected patients compared to controls. 

Table 5: The genotypic and allelic frequency distributions of Fok1 and Taq1 SNPs in 

the study group 

The study group includes 100 COVID-19 patients infected by the SARS-CoV-2 Delta variant 

and 100 non-infected patients as a control group. OR: Odds Ratio, CI: Confidence Interval * 
Chi-square and HWE tests were used to draw a comparison between the genotypic and allelic 

frequency distributions of polymorphisms. Differences were found to be important at p< 0.05 in 

all cases. 

 

3.4. Analysis of rs10735810 and rs731236 SNPs based on the four genetic 

inheritance models 

The statistical power to recognize disease sensitivity loci in genetic association studies 

was reliant on the genetic models tested. As a result, the genotype frequencies were 

examined utilizing four genetic models: additive, co-dominant, dominant, and recessive. 

A strong relationship between rs10735810 and a greater risk of SARS-CoV-2 Delta 

variant was observed in all four models, co-dominant genotype (TT) vs (CC) (OR=3.21, 

95% CI=1.35-7.92, p<0.006); co-dominant genotype (CC) vs (TT) (OR=0.30, 95% 

CI=0.12-0.73, p<0.006); dominant (OR=0.38, 95% CI=0.16-0.77, p<0.008); recessive 

(OR=0.9, 95% CI=0.12-1.67, p<0.024); additive (OR=0.89, 95% CI=0.11-1.66, 

p<0.022). Furthermore, strong positive correlations between rs731236 and risk of 

SNP          Genotypic Frequencies n (%) P-Value        Allelic Frequencies                                  X2                          OR/CI(95%)                P-Value              

Genotype     Cases (n=100)  Control (n=100)                                        Allele      Cases (n=100)  Control (n=100)                                            

FokI-rs10735810  

TT                       40(40)       59(59)  

TC                       38(38)      32(32)                                0.008                   T/C          0.60/0.40           0.75/0.25                 10.26           2.00/1.30-3.06               0.001 

CC                       22(22)       9(9) 

TaqI-rs731236     

TT                    33(33)      53(53)  

TC                    46(46)      36(36)                                   0.011                   T/C          0.56/0.44           0.71/0.29                 9.71             1.92/1.27-2.91               0.001 

CC                   21(21)      11(11)  



46 
 

SARS-CoV-2 Delta variant were also identified in co-dominant genotype (TT) vs (CC) 

(OR=3.06, 95% CI=1.31-7.16, p<0.008); co-dominant genotype (CC) vs (TT) 

(OR=0.32, 95% CI=0.14-0.76, p<0.008); dominant (OR=0.35, 95% CI=0.18-0.72, 

p<0.005); recessive (OR=0.65, 95% CI=0.83-1.38, p<0.052); additive (OR=0.64, 95% 

CI=0.08-1.37, p<0.01). 

 

Table 6: Analysis of SNPs based on the four genetic inheritance models. 

The AIC: The inheritance model with the lowest AIC value is recommended. 

OR: Odds ratio, CI: Confidence interval, AIC: Akaike’s information criterion. 

d p-value≤0.05 considered statistically significant. P-values in bold remained significant after the 

Bonferroni correction. 

 

 

 

SNP Model of Inheritance OR (95 % CI) p-Value AICa 

FokI-rs10735810  

 

 

 

 

 

Co-dominant 

 

TT vs CC 

 

CC vs TT 

 

Dominant TT vs TC+CC 

 

Recessive CC vs TT+TC 

 

Additive TT vs TC vs CC 

 

 

 

3.21 (1.35-7.92) 

 

0.30 (0.12-0.73) 

 

0.38 (0.16-0.77) 

 

0.9 (0.12-1.67) 

 

0.89 (0.11-1.66) 

 

 

0.006 

 

0.006 

 

0.008 

 

0.024 

 

0.022 

 

 

- 

- 

 

 

14.05 

 

13.29 

 

19.42 

TaqI-rs731236     

 

 

 

 

 

Co-dominant 

 

TT vs CC 

 

CC vs TT 

 

Dominant TT vs TC+CC 

 

Recessive CC vs TT+TC 

 

Additive TT vs TC vs CC 

 

 

 

3.06 (1.31-7.16) 

 

0.32 (0.14-0.76) 

 

0.35 (0.18-0.72) 

 

0.65 (0.83-1.38) 

 

0.64 (0.08-1.37) 

 

 

0.008 

 

0.008 

 

0.005 

 

0.052 

 

0.01 

 

 

- 

 

- 

 

14.01 

 

13.40 

 

19.53 
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3.5 Association between SNPs and their distribution among the study group 

Mutation analysis of studied polymorphisms of VDR showed that 40% of SARS-CoV-2 

Delta variant infected patients (case group) were the wild type for FokI rs10735810, 

while 60% of patients carried at least one mutant allele (homozygous or heterozygous). 

The control group has consisted of 59% wild type, and 41% of individuals in the control 

group carried mutation at least one allele. The differences in the distribution of the FokI 

rs10735810 polymorphism between the two groups were statistically significant 

(OR=0.46, 95% CI=0.26-0.81, p<0.005) (Figure 6). 

 

Figure 6: FokI polymorphism genotype distribution FokI TT (Wild Type), FokI TC 

(Heterozygote), FokI CC (Homozygote) compared with a control group 

 Furthermore, the same analysis was done for TaqI rs731236 and the analysis showed 

that  33% of SARS-CoV-2 Delta variant infected patients (case group) had the wild type 

genotype, while 67% of the patients carried at least one mutant allele (homozygous or 

heterozygous). However, the wild type genotype was more prevalent in the control 

group (53%), and the frequency of the mutant genotypes (homozygous or heterozygous) 

was lower (47%)  in comparison to the case group (OR=0.44, 95% CI=0.24-0.77, 

p<0.003) (Figure 7). 
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Figure 7: TaqI polymorphism genotype distribution TaqI TT (Wild Type), TaqI TC 

(Heterozygote), TaqI CC (Homozygote) compared with a control group. 

We also investigated the distribution genotypes of FokI (rs10735810) and TaqI 

(rs731236) polymorphisms together among the study group. The genotypes were 

grouped as follows; Group1: FokI TT (Wild Type) + TaqI TT (Wild Type), Group2: 

FokI TC (Heterozygote) + TaqI TC (Heterozygote), Group3: FokI CC (Homozygote) + 

TaqI CC (Homozygote). 

Thus, the highest number of patients with group 1 (wild-type genotype) was found in 

the control group, which is 72.7% compared with 39.4% in the case group (OR=0.25, 

95% CI=0.10-0.57, p<0.001). On the contrary, there were not found any patients with 

group 3 (homozygous genotype) in the control group, while the number of patients with 

group 3 in the case group was 15.1%. Finally, most of the SARS-CoV-2 Delta variant 

infected patients had group 2 (heterozygous genotype), reaching 45.5%, while 27.7% of 

the control group patients had group 2 (Figure 8). 

These results suggest that patients with FokI and TaqI gene polymorphisms may tend to 

be more vulnerable to getting infected with the SARS-CoV-2 Delta variant. 
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Figure 8: Comparison of FokI (rs10735810) and TaqI (rs731236) polymorphisms 

genotypes distributions among the study group. Group1: FokI TT (Wild Type) + TaqI 

TT (Wild Type), Group2: FokI TC (Heterozygote) + TaqI TC (Heterozygote), Group3: 

FokI CC (Homozygote) + TaqI CC (Homozygote) 

 

 

3.6 Conclusion 

A total number of 200 individuals who admitted to Near East University Hospital 

COVID-19 PCR Diagnosis Laboratory for routine SARS-CoV-2 RT-PCR test was used 

in this study to investigate the allelic frequencies and genotypic distribution between 

VDR gene FokI (rs10735810) and TaqI (rs731236) polymorphisms in COVID-19 

patients, infected by SARS-CoV-2 Delta variant and compared them with those who 

were tested negative for SARS-CoV-2 as a control group. The results indicated that 

there is a strong relationship between TaqI and FokI VDR gene polymorphisms and 

COVID-19 causing the SARS-CoV-2 Delta variant, and patients with FokI and TaqI 

gene polymorphisms may tend to be more vulnerable to getting infected with the SARS-

CoV-2 Delta variant. 
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CHAPTER 4: DISCUSSION 

4.1 Introduction 

COVID-19 is a rapidly evolving pandemic disease, which created a significant concern 

to the entire world as of 2019. The virus is highly transmissible, primarily through 

droplets and breath, as well as through direct contact. The disease's clinical features 

vary from entirely asymptomatic forms to severe symptoms like ARDS, commonly 

related to multi-organ failure (Hu et al., 2021). 

The immune defenses of each patient are critical in limiting the chances of getting 

SARS-CoV-2. The pathophysiology of this viral disease is influenced by the patient's 

immunoinflammatory state. COVID-19 pathophysiology involves a number of signaling 

pathways and cellular components, including vitamin D2 (Raoult et al., 2020).  Vitamin 

D is an essential immune system modulator, and has anti-infective and 

immunomodulatory effect by enhancing intercellular barriers, stimulating innate 

immunity, and regulating adaptive immunity (Aranow, 2011). 

Deficiency and insufficiency of vitamin D are related to numerous diseases, such as 

metabolic diseases, autoimmune diseases, cardiovascular diseases, diabetes, infections, 

and have been extensively studied by scientists and physicians (Holick, 2017). Several 

studies, in particular, have looked into the link between VDD and the chances of getting 

respiratory infections. 

To give an example, Mamani et al. discovered a link between pneumonia and low 

serum levels of 25-hydroxyvitamin D [25(OH) D]. The results indicated unfavorable 

consequences in ARDS patients with VDD (Mamani et al., 2017). 

Furthermore, Martineau et al. came to the conclusion in a meta-analysis that vitamin D 

supplementation minimizes the chances of acute respiratory infections, particularly in 

individuals with the lowest levels of 25(OH) D (Martineau et al., 2019). 

Another study of 76 patients in Spain hospitalized with COVID-19 discovered that 

treatment with big doses of vitamin D decreased the chances of admission into intensive 

care unit. However, broader investigations are needed to find a precise conclusion 

(Entrenas Castillo et al., 2020). 
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4.2 The association between VDR gene polymorphisms and COVID-19 diseases 

With the discovery of the VDR in roughly all cells and the more recent discovery of 

thousands of VDR binding sites throughout the genome, importance of vitamin D and 

its effect on multiple biological processes has risen. 

Numerous studies have found that vitamin D has a wide range of effects on the 

biological pathways that control calcium and phosphorus metabolism, as well as effects 

on cell growth, differentiation, cell death, immunomodulation (Wang et al., 2017). 

Vitamin D promotes the body's absorption and maintenance of calcium and phosphorus, 

both of which are necessary for bone formation. Furthermore, studies show that vitamin 

D can inhibit cancer cell growth, aid in infection control, and reduce inflammation. 

Thus, vitamin D serves many functions in maintaining human health, but its 

biologically active form can only begin acting after attaching to its specific vitamin D 

receptor, which is encrypted by the VDR gene. 

The VDR gene contains over 200 SNPs and codes for VDR, which enables the body to 

react to vitamin D. (Martineau et al., 2017). 

Several genetic variations have been discovered in the VDR. The most common 

polymorphisms of the VDR gene are the TaqI-rs731236, ApaI-rs7975232, BsmI-

rs1544410 and FokI-rs10735810, which is why we focused on TaqI and FokI SNPs in 

the current study. TaqI is found on the 9th exon of the 3′ terminal, and FokI, found on 

exon 2, is located on the promoter of the 5′ terminal (Whitfield et al., 2001; Nejentsev et 

al., 2004; Uitterlinden et al., 2004). 

COVID-19 prevalence and mortality rates may be affected by the modulatory effect of 

peoples' bioavailable vitamin D levels, which is influenced by genetic factors such as 

polymorphisms in the VDR gene (Abdollahzadeh et al., 2021). 

A recent study looked at the genotypes of the TaqI polymorphism in the VDR gene and 

the medical features of COVID-19 in 104 Cuban patients. The researchers concluded 

that there is evidence of a link between the likelihood of having COVID-19 and the 

genotypes of the TaqI polymorphism of the VDR gene in the Cuban patients who were 

under investigation (Peralta et al., 2021). 
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Another study was designed to identify is a link between polymorphisms in vitamin D-

related genes and vitamin D concentrations, as well as a relationship between those 

polymorphisms and COVID-19 intensity. Secondly, the prevalence of the genetic 

variants under evaluation was compared to the frequency seen in the European 

population. The genetic variants in vitamin D-related genes and vitamin D 

concentrations in hospitalized patients were evaluated, as well as the relationship 

between these data and COVID-19 severity. The percentage of patients with VDD in 

the group that died was 76%, thus being greater compared to the group with moderate 

symptoms, which is 59% and the group with severe symptoms, which is 64% (Freitas et 

al., 2021). 

Both of these studies support the results of our study that a strong correlation between 

TaqI and FokI VDR gene polymorphisms and COVID-19 causing the SARS-CoV-2 

virus is observed. 

A polymorphism at locus rs2228570 was linked to virus infection in a meta-analysis by 

Laplana et al. The TT genotype and T allele have been linked to a greater risk of 

infection with enveloped viruses such as Respiratory Syncytial Virus. Several studies 

have found that taking vitamin D supplements can lower the possibility of serious 

infection and death from influenza and COVID-19. However, none of the studies have 

found that vitamin D receptor polymorphisms affect COVID-19 disease outcomes 

(Laplana et al., 2018). 

In the current study, we intended to look into the allelic frequencies and genotypic 

distribution between VDR gene polymorphisms in patients infected by SARS-CoV-2 

Delta variant and compared them with those who were tested negative for SARS-CoV-2 

as a control group. The results indicated that there is a strong relationship between TaqI 

and FokI VDR gene polymorphisms and COVID-19 causing the SARS-CoV-2 Delta 

variant. These findings imply that the patients with FokI and TaqI gene polymorphisms 

may tend to be more sensitive to the SARS-CoV-2 Delta variant (Figure 3). 

However, there is limited amount of research examining a linkage between TaqI and 

FokI VDR gene polymorphisms and the SARS-CoV-2 Delta variant, so more studies 

need to be conducted in this topic to make these findings more significant. 
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4.3 The impact of Vitamin D on SARS-CoV-2 infected patients causing COVID-19 

disease 

At the present time, prevention remains the best method to fight the COVID-19 

pandemic because there is no proven therapeutic treatment. One of the methods of 

prevention is believed to be vitamin D supplementation (Ebadi and Montano-Loza, 

2020). 

This study is intended to look into the possibility of a link between vitamin D receptor 

gene polymorphisms and COVID-19, which causes the SARS-CoV-2 Delta variant. 

Overall, vitamin D decreases the chance of microbial infection by regulating the innate 

and adaptive immune systems and having antiviral and anti-inflammatory properties. In 

addition, vitamin D has a fundamental impact on increasing the expression of ACE2, a 

key receptor involved in the SARS-CoV-2 pathogenesis. Vitamin D may also improve 

the expression of genes engaged in oxidation, regulate adaptive immunity, and promote 

cellular immunity by reducing the cytokine storm (Cristian et al., 2020). 

Vitamin D3 production in the skin is not an enzymatic process. D3 (cholecalciferol) is 

synthesized from 7-dehydrocholesterol (7DHC) in a two-step process in which the B-

ring is broken by ultraviolet light radiation from the sun, yielding preD3, which is then 

converted into D3. The rate of D3 formation is affected by both the intensity of UVB 

rays and the level of skin pigmentation (Holick et al., 1980). Melanin in the skin, 

clothing, and sunscreen blocks UVB rays from approaching 7DHC, reducing D3 

production. Vitamin D can also be received through healthy diet, especially from eggs, 

fatty fish, and cheese. 

Thus, vitamin D deficiency can develop as a result of insufficient sunlight exposure 

and vitamin D dietary intake, genetic defects of vitamin D receptors, and severe liver or 

kidney diseases (Armas et al., 2004). 

Numerous experiments have been performed to study the impact of vitamin D, 

specifically in the scope of the COVID-19, considering the molecular pathways of 

vitamin D. 

A recent study, for example, found that hospitalized COVID-19 patients who have 

sufficient vitamin D levels had a lower risk of complications and death (Maghbooli et 

al., 2020). 
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Another study, which included 77 older patients in France, found that taking vitamin D 

supplements on a regular basis for a year prior to a COVID-19 infection was related 

to less severe condition and a higher chance of survival than if no vitamin D was taken 

(Annweiler et al., 2020). 

The findings of these studies show that there can be a direct association between 

VDD and COVID-19 intensity, making the current study's findings even more 

significant. 

According to an article published in the Journal of the National Medical Association, 

VDD may be an important contributor to overall number of COVID-19 cases and deaths 

among US Black and Latino populations (Campbell et al., 2021). The findings of this 

study, however, cannot be adapted to everyone because the Black and Latino 

populations are vitamin D deficient due to the color of their skin. 

Furthermore, a recent study based on information obtained from Israel's first two 

coronavirus waves prior to vaccines usage, discovered that there is a higher chance that 

vitamin D deficient people have severe case of COVID-19. Researchers looked at 

vitamin D levels in about 250 patients with a positive COVID-19 test and found that the 

chances of having a serious case of COVID-19 for vitamin D deficient patients was 14 

times higher, and the mortality rate for patients with VDD was 25.6%, compared to 

2.3% for those with sufficient levels. The researchers emphasized that vitamin 

supplements are not a replacement for vaccinations, but can help to strengthen the 

immune system (Dror et al., 2022). 

4.4 Conclusion 

COVID-19 disease is still an important public health concern worldwide. This 

pandemic has severely harmed healthcare systems' ability to continue providing quality 

health care. As healthcare systems around the world struggle to meet the rising demand 

for COVID-19 care, sustaining preventive and therapeutic services is critical, especially 

for the most vulnerable populations such as children, the elderly, people with chronic 

illnesses, minorities, and people with disabilities. 

It is very crucial to maintain preventive measures to avoid getting infected or minimize 

the severity of the disease by maintaining a safe distance from others, eating a well-

balanced diet in order to be healthier with a stronger immune system. 
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4.5 Final remarks and future work 

In the current study, our main objective was to identify if there is a relationship between 

vitamin D receptor gene polymorphisms and COVID-19 causing the SARS-CoV-2 

Delta variant. 

To sum up, the results of this study displayed important differences in genotype 

frequencies of FokI-rs10735810 and TaqI-rs731236 variants between SARS-CoV-2 

Delta variant infected patients and the control group. The findings also imply that the 

patients with FokI and TaqI gene polymorphisms may tend to be more sensitive and 

susceptible to getting infected with the SARS-CoV-2 Delta variant. 

Limitations of this study includes lack of data about vitamin D levels of patients and 

involving only Delta variant of SARS-CoV-2 to investigate the allelic frequencies and 

genotypic distribution between VDR gene polymorphisms in COVID-19 patients. 

Further research with a broader range of data is required to confirm these findings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 
 

REFERENCES 

 

1. "China delayed releasing coronavirus info, frustrating WHO". AP NEWS. 2 June 

2020. Retrieved 3 June 2020. 

2. "Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of 

Concern". www.who.int. Retrieved 26 November 2021. 

3. "Coronavirus variants and mutations: The science explained". BBC News. 6 

January 2021. Archived from the original on 22 February 2021. Retrieved 2 

February 2021. 

4. "COVID strain first detected in India found in 53 territories: 

WHO". www.aljazeera.com. Archived from the original on 19 June 2021. 

Retrieved 27 May 2021. 

5. "Delta Globally Dominant Covid Strain, Now Spread To 185 Countries: WHO". 

22 September 2021. 

6. "LIVE - Covid: 'Staggering' Omicron case numbers expected - top health 

official". BBC News. 15 December 2021. Archived from the original on 22 

December 2021. Retrieved 15 December 2021. 

7. "South Africa announces a new coronavirus variant". The New York Times. 18 

December 2020. Archived from the original on 21 December 2020. Retrieved 20 

December 2020. 

8. "Symptoms of Coronavirus". U.S. Centers for Disease Control and 

Prevention (CDC). 22 February 2021. Archived from the original on 4 March 

2021. Retrieved 4 March 2021. 

9. "Symptoms of Coronavirus". U.S. Centers for Disease Control and 

Prevention (CDC). 13 May 2020. Archived from the original on 17 June 2020. 

Retrieved 18 June 2020. https://www.cdc.gov/coronavirus/2019-

ncov/symptoms-testing/symptoms.html 

10. A.V.S. Hill, “Evolution, revolution and heresy in the genetics of infectious 

disease susceptibility,” Philosophical Transactions of the Royal Society of 

London. Series B, Biological Sciences, vol. 367, no. 1590, pp. 840–849, 

2012.View at: Publisher Site | Google Scholar 

https://apnews.com/3c061794970661042b18d5aeaaed9fae
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.bbc.com/news/science-environment-55404988
https://web.archive.org/web/20210222193151/https:/www.bbc.com/news/science-environment-55404988
https://www.aljazeera.com/news/2021/5/26/covid-strain-first-detected-in-india-found-in-53-territories-who
https://www.aljazeera.com/news/2021/5/26/covid-strain-first-detected-in-india-found-in-53-territories-who
https://web.archive.org/web/20210619135043/https:/www.aljazeera.com/news/2021/5/26/covid-strain-first-detected-in-india-found-in-53-territories-who
https://www.india.com/news/world/delta-globally-dominant-covid-strain-now-spread-to-185-countries-who-4974794/
https://www.bbc.co.uk/news/live/uk-59664383
https://www.bbc.co.uk/news/live/uk-59664383
https://web.archive.org/web/20211222015123/https:/www.bbc.com/news/live/uk-59664383
https://www.nytimes.com/2020/12/19/world/south-africa-announces-a-new-coronavirus-variant.html
https://web.archive.org/web/20201221073359/https:/www.nytimes.com/2020/12/19/world/south-africa-announces-a-new-coronavirus-variant.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://en.wikipedia.org/wiki/Centers_for_Disease_Control_and_Prevention
https://en.wikipedia.org/wiki/Centers_for_Disease_Control_and_Prevention
https://web.archive.org/web/20210304195413/https:/www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://en.wikipedia.org/wiki/Centers_for_Disease_Control_and_Prevention
https://en.wikipedia.org/wiki/Centers_for_Disease_Control_and_Prevention
https://web.archive.org/web/20200617081119/https:/www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://doi.org/10.1098/rstb.2011.0275
https://scholar.google.com/scholar_lookup?title=Evolution,%20revolution%20and%20heresy%20in%20the%20genetics%20of%20infectious%20disease%20susceptibility&author=A.%20V.%20S.%20Hill&publication_year=2012


57 
 

11. Abdollahzadeh, R., Shushizadeh, M. H., Barazandehrokh, M., Choopani, S., 

Azarnezhad, A., Paknahad, S., Pirhoushiaran, M., Makani, S. Z., Yeganeh, R. 

Z., Al-Kateb, A., & Heidarzadehpilehrood, R. (2021). Association of Vitamin D 

receptor gene polymorphisms and clinical/severe outcomes of COVID-19 

patients. Infection, genetics and evolution : journal of molecular epidemiology 

and evolutionary genetics in infectious diseases, 96, 105098. Advance online 

publication. https://doi.org/10.1016/j.meegid.2021.105098 

12. Abdool Karim, Salim S. (19 December 2020). "The 2nd Covid-19 wave in 

South Africa:Transmissibility & a 501.V2 variant, 11th slide". 

www.scribd.com. Archived from the original on 6 January 2021. Retrieved 23 

December 2020. 

13. Acharya B, Jamkhandikar S (23 June 2021). "Explainer: What is the Delta 

variant of coronavirus with K417N mutation?". Reuters. Archived from the 

original on 23 June 2021. Retrieved 23 June 2021. 

14. Agyeman AA, Chin KL, Landersdorfer CB, Liew D, Ofori-Asenso R (August 

2020). "Smell and Taste Dysfunction in Patients With COVID-19: A Systematic 

Review and Meta-analysis". Mayo Clin. Proc. 95 (8): 1621–

1631. doi:10.1016/j.mayocp.2020.05.030 

15. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF (April 

2020). "The proximal origin of SARS-CoV-2". Nature Medicine. 26 (4): 450–

452. doi:10.1038/s41591-020-0820-9 

16. Annweiler G, Corvaisier M, Gautier J, Dubée V, Legrand E, Sacco G, 

Annweiler C on behalf of the GERIA-COVID study group. Vitamin D 

Supplementation Associated to Better Survival in Hospitalized Frail Elderly 

COVID-19 Patients: The GERIA-COVID Quasi-Experimental Study. Nutrients. 

2020; 12(11):3377. https://doi.org/10.3390/nu12113377 

17. Arai, H.; Miyamoto, K.; Taketani, Y.; Yamamoto, H.; Iemori, Y.; Morita, K.; 

Tonai, T.; Nishisho, T.; Mori, S.; Takeda, E. A vitamin D receptor gene 

polymorphism in the translation initiation codon: Effect on protein activity and 

relation to bone mineral density in Japanese women. J. Bone Miner. 

Res. 1997, 12, 915–921. [Google Scholar] [CrossRef] 

18. Aranow C. Vitamin D and the immune system. J Investig Med. 2011;59(6):881-

886. 

https://doi.org/10.1016/j.meegid.2021.105098
https://www.scribd.com/document/488618010/Full-Presentation-by-SSAK-18-Dec
https://www.scribd.com/document/488618010/Full-Presentation-by-SSAK-18-Dec
https://web.archive.org/web/20210106143155/https:/www.scribd.com/document/488618010/Full-Presentation-by-SSAK-18-Dec
https://www.reuters.com/business/healthcare-pharmaceuticals/what-is-delta-variant-coronavirus-with-k417n-mutation-2021-06-23/
https://www.reuters.com/business/healthcare-pharmaceuticals/what-is-delta-variant-coronavirus-with-k417n-mutation-2021-06-23/
https://web.archive.org/web/20210623101838/https:/www.reuters.com/business/healthcare-pharmaceuticals/what-is-delta-variant-coronavirus-with-k417n-mutation-2021-06-23/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275152
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275152
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.mayocp.2020.05.030
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7095063
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fs41591-020-0820-9
https://doi.org/10.3390/nu12113377
https://scholar.google.com/scholar_lookup?title=A+vitamin+D+receptor+gene+polymorphism+in+the+translation+initiation+codon:+Effect+on+protein+activity+and+relation+to+bone+mineral+density+in+Japanese+women&author=Arai,+H.&author=Miyamoto,+K.&author=Taketani,+Y.&author=Yamamoto,+H.&author=Iemori,+Y.&author=Morita,+K.&author=Tonai,+T.&author=Nishisho,+T.&author=Mori,+S.&author=Takeda,+E.&publication_year=1997&journal=J.+Bone+Miner.+Res.&volume=12&pages=915%E2%80%93921&doi=10.1359/jbmr.1997.12.6.915
https://doi.org/10.1359/jbmr.1997.12.6.915


58 
 

19. Armas LA, Hollis BW, Heaney RP: Vitamin D2 is much less effective than 

vitamin D3 in humans. J Clin Endocrinol Metab. 2004 Nov;89(11):5387-91 

20. Asehnoune K, Villadangos J and Hotchkiss RS: Understanding host-pathogen 

interaction. Intensive Care Med. 42:2084–2086. 2016.PubMed/NCBI View 

Article : Google Scholar 

21. Bellamy R, Hill AV (1998) Genetic susceptibility to mycobacteria and other 

infectious pathogens in humans. Curr Opin Immunol 10(4):483–487 

22. Benvenuto, D., Giovanetti, M., Ciccozzi, A., Spoto, S., Angeletti, S., and 

Ciccozzi, M. (2020). The 2019-new coronavirus epidemic: evidence for virus 

evolution. J. Med. Virol. 92, 455–459. doi: 10.1002/jmv.25688 

23. Bhaskar S, Sinha A, Banach M, Mittoo S, Weissert R, Kass JS, et al. 

(2020). "Cytokine Storm in COVID-19-Immunopathological Mechanisms, 

Clinical Considerations, and Therapeutic Approaches: The REPROGRAM 

Consortium Position Paper". Frontiers in Immunology. 11: 

1648. doi:10.3389/fimmu.2020.01648 

24. Bjelakovic G, Gluud LL, Nikolova D, Whitfield K, Wetterslev J, Simonetti RG, 

et al. (January 2014). "Vitamin D supplementation for prevention of mortality in 

adults". The Cochrane Database of Systematic Reviews (Systematic 

review). 1 (1): CD007470. doi:10.1002/14651858.CD007470.pub3 

25. Borges, Vítor; et al. (19 January 2021). "Tracking SARS-CoV-2 VOC 

202012/01 (lineage B.1.1.7) dissemination in Portugal: insights from nationwide 

RT-PCR Spike gene drop out data" 

26. Brant, A. C., Tian, W., Majerciak, V., Yang, W., & Zheng, Z. M. (2021). SARS-

CoV-2: from its discovery to genome structure, transcription, and 

replication. Cell & bioscience, 11(1), 136. https://doi.org/10.1186/s13578-021-

00643-z 

27. Cai, Y., Zhang, J., Xiao, T., Peng, H., Sterling, S. M., Walsh, R. M., et al. 

(2020). Distinct conformational states of SARS-CoV-2 spike 

protein. Science 369, 1586–1592. doi: 10.1126/science.abd4251 

28. Campbell, P. A., Young, M. W., & Lee, R. C. (2021). Vitamin D Clinical 

Pharmacology: Relevance to COVID-19 Pathogenesis. Journal of the National 

Medical Association, 113(2), 208–211. 

https://doi.org/10.1016/j.jnma.2020.09.152 

http://www.ncbi.nlm.nih.gov/pubmed/27665508
http://dx.doi.org/10.1007/s00134-016-4544-8
http://dx.doi.org/10.1007/s00134-016-4544-8
http://scholar.google.com/scholar_lookup?title=Understanding%20host-pathogen%20interaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7365905
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7365905
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7365905
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3389%2Ffimmu.2020.01648
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2F14651858.CD007470.pub3
https://virological.org/t/tracking-sars-cov-2-voc-202012-01-lineage-b-1-1-7-dissemination-in-portugal-insights-from-nationwide-rt-pcr-spike-gene-drop-out-data/600
https://virological.org/t/tracking-sars-cov-2-voc-202012-01-lineage-b-1-1-7-dissemination-in-portugal-insights-from-nationwide-rt-pcr-spike-gene-drop-out-data/600
https://virological.org/t/tracking-sars-cov-2-voc-202012-01-lineage-b-1-1-7-dissemination-in-portugal-insights-from-nationwide-rt-pcr-spike-gene-drop-out-data/600
https://doi.org/10.1186/s13578-021-00643-z
https://doi.org/10.1186/s13578-021-00643-z
https://doi.org/10.1016/j.jnma.2020.09.152


59 
 

29. Carpagnano, G. E., Di Lecce, V., Quaranta, V. N., Zito, A., Buonamico, E., 

Capozza, E., Palumbo, A., Di Gioia, G., Valerio, V. N., & Resta, O. (2021). 

Vitamin D deficiency as a predictor of poor prognosis in patients with acute 

respiratory failure due to COVID-19. Journal of endocrinological 

investigation, 44(4), 765–771. https://doi.org/10.1007/s40618-020-01370-x 

30. CDC (11 February 2020). "Cases, Data, and Surveillance". Centers for Disease 

Control and Prevention. Retrieved 16 March 2021 

31. Cevik M, Kuppalli K, Kindrachuk J, Peiris M. Virology, transmission, and 

pathogenesis of SARS-CoV-2 BMJ 2020; 371 :m3862 doi:10.1136/bmj.m3862 

32. Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, et al. (February 2020). "A 

familial cluster of pneumonia associated with the 2019 novel coronavirus 

indicating person-to-person transmission: a study of a family 

cluster". Lancet. 395 (10223): 514–523. doi:10.1016/S0140-6736(20)30154-9 

33. Chan, J. F. W., Lau, S. K. P., To, K. K. W., Cheng, V. C. C., Woo, P. C. Y., and 

Yuen, K.-Y. (2015). Middle east respiratory syndrome coronavirus: another 

zoonotic betacoronavirus causing SARS-like disease. Clin. Microbiol. Rev. 28, 

465–522. doi: 10.1128/CMR.00102-14 

34. Chand M, Hopkins S, Dabrera G, Achison C, Barclay W, Ferguson N, et al. (21 

December 2020). Investigation of novel SARS-COV-2 variant: Variant of 

Concern 202012/01 (PDF) (Report). Public Health 

England. Archived (PDF) from the original on 22 February 2021. Retrieved 23 

December 2020. 

35. Charoenngam N, Holick MF. Immunologic effects of vitamin D on human 

health and disease. Nutrients. 

2020;12:2097. https://doi.org/10.3390/nu12072097. 

36. Chen J. Pathogenicity and transmissibility of 2019-nCoV-A quick overview and 

comparison with other emerging viruses. Microbes Infect. (2020) 22:69–71. doi: 

10.1016/j.micinf.2020.01.004 

37. Chen, G., Wu, D., Guo, W., Cao, Y., Huang, D., Wang, H., Wang, T., Zhang, 

X., Chen, H., Yu, H., Zhang, X., Zhang, M., Wu, S., Song, J., Chen, T., Han, 

M., Li, S., Luo, X., Zhao, J., & Ning, Q. (2020). Clinical and immunological 

features of severe and moderate coronavirus disease 2019. The Journal of 

clinical investigation, 130(5), 2620–2629. https://doi.org/10.1172/JCI137244 

https://doi.org/10.1007/s40618-020-01370-x
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-info.html
https://doi.org/10.1016%2FS0140-6736%2820%2930154-9
https://doi.org/10.1016%2FS0140-6736%2820%2930154-9
https://doi.org/10.1016%2FS0140-6736%2820%2930154-9
https://doi.org/10.1016%2FS0140-6736%2820%2930154-9
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0140-6736%2820%2930154-9
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/947048/Technical_Briefing_VOC_SH_NJL2_SH2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/947048/Technical_Briefing_VOC_SH_NJL2_SH2.pdf
https://web.archive.org/web/20210222193118/https:/assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/959438/Technical_Briefing_VOC_SH_NJL2_SH2.pdf
https://doi.org/10.3390/nu12072097
https://doi.org/10.1172/JCI137244


60 
 

38. Cheng S.C., Chang Y.C., Fan Chiang Y.L., Chien Y.C., Cheng M., Yang C.H., 

Huang C.H., Hsu Y.N. First case of Coronavirus Disease 2019 (COVID-19) 

pneumonia in Taiwan. J. Formos. Med. Assoc. 2020;119:747–751. 

doi: 10.1016/j.jfma.2020.02.007 

39. Cheng, C., Zhang, D., Dang, D. et al. The incubation period of COVID-19: a 

global meta-analysis of 53 studies and a Chinese observation study of 11 545 

patients. Infect Dis Poverty 10, 119 (2021). https://doi.org/10.1186/s40249-021-

00901-9 

40. Chiodini I, Gatti D, Soranna D, Merlotti D, Mingiano C, Fassio A, Adami G, 

Falchetti A, Eller-Vainicher C, Rossini M, Persani L, Zambon A and Gennari L 

(2021) Vitamin D Status and SARS-CoV-2 Infection and COVID-19 Clinical 

Outcomes. Front. Public Health 9:736665. doi: 10.3389/fpubh.2021.736665 

41. Coronavirus Resource Center at John Hopkins University "COVID-19 

Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns 

Hopkins University (JHU)". ArcGIS. Johns Hopkins University. Retrieved 4 

January 2022. https://coronavirus.jhu.edu/map.html 

42. Cristian P, Simina I, Lee S. The role of vitamin D in the prevention of 

coronavirus disease 2019 infection and mortality. Aging Clin Exp 

Res. (2020) 32:1195–8. 10.1007/s40520-020-01570-8 

43. Cui J, Li F, Shi ZL. Origin and evolution of pathogenic coronaviruses. Nat Rev 

Microbiol. (2019) 17:181–92. doi: 10.1038/s41579-018-0118-9 

44. D’Avolio A, Avataneo V, Manca A, Cusato J, De Nicolò A, Lucchini R, Keller 

F, Cantù M. 25-Hydroxyvitamin D Concentrations Are Lower in Patients with 

Positive PCR for SARS-CoV-2. Nutrients. 2020; 12(5):1359. 

https://doi.org/10.3390/nu12051359 

45. Davidson AM, Wysocki J and Batlle D: Interaction of SARS-CoV-2 and other 

coronavirus with ACE (Angiotensin-converting enzyme)-2 as their main 

receptor: Therapeutic implications. Hypertension. 76:1339–1349. 

2020.PubMed/NCBI View Article : Google Scholar 

46. de Groot, R. J., Baker, S. C., Baric, R. S., Brown, C. S., Drosten, C., Enjuanes, 

L., et al. (2013). Middle East Respiratory Syndrome Coronavirus (MERS-CoV): 

announcement of the Coronavirus Study Group. J. Virol. 87, 7790–7792. doi: 

10.1128/JVI.01244-13 

https://doi.org/10.1186/s40249-021-00901-9
https://doi.org/10.1186/s40249-021-00901-9
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://en.wikipedia.org/wiki/ArcGIS
https://en.wikipedia.org/wiki/Johns_Hopkins_University
https://coronavirus.jhu.edu/map.html
http://www.ncbi.nlm.nih.gov/pubmed/32851855
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15256
http://scholar.google.com/scholar_lookup?title=Interaction%20of%20SARS-CoV-2%20and%20other%20coronavirus%20with%20ACE%20(Angiotensin-converting%20enzyme)-2%20as%20their%20main%20receptor:%20Therapeutic%20implications


61 
 

47.  de Wit E, van Doremalen N, Falzarano D, Munster VJ. SARS and MERS: 

recent insights into emerging coronaviruses. Nat Rev Microbiol. (2016) 14:523–

34. doi: 10.1038/nrmicro.2016.81 

48. Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte chemoattractant 

protein 1 (MCP-1): An overview. Journal of Interferon & Cytokine Research. 

2009;29(6):313-326. DOI: 10.1089/jir.2008.0027 

49. Di Maria, E., Latini, A., Borgiani, P., & Novelli, G. (2020). Genetic variants of 

the human host influencing the coronavirus-associated phenotypes (SARS, 

MERS and COVID-19): rapid systematic review and field synopsis. Human 

genomics, 14(1), 30. https://doi.org/10.1186/s40246-020-00280-6 

50.  Dorward DA, Russell CD, Um IH, Elshani M, Armstrong SD, Penrice-Randal 

R, et al. . Tissue-Specific Immunopathology in Fatal Covid-19. Am J Respir Crit Care 

Med (2020) 203(2):192–201.  10.1164/rccm.202008-3265OC 

51. Dror AA, Morozov N, Daoud A, Namir Y, Yakir O, et al. (2022) Pre-infection 

25-hydroxyvitamin D3 levels and association with severity of COVID-19 

illness. PLOS ONE 17(2): 

e0263069. https://doi.org/10.1371/journal.pone.0263069 

52. Ebadi, M., & Montano-Loza, A. J. (2020). Perspective: improving vitamin D 

status in the management of COVID-19. European journal of clinical 

nutrition, 74(6), 856–859. https://doi.org/10.1038/s41430-020-0661-0 

53. Emanuela Galliera, Massimiliano M. Corsi Romanelli, in Essential Concepts in 

Molecular Pathology (Second Edition), 2020 

54. Entrenas Castillo, M., Entrenas Costa, L. M., Vaquero Barrios, J. M., Alcalá 

Díaz, J. F., López Miranda, J., Bouillon, R., & Quesada Gomez, J. M. (2020). 

"Effect of calcifediol treatment and best available therapy versus best available 

therapy on intensive care unit admission and mortality among patients 

hospitalized for COVID-19: A pilot randomized clinical study". The Journal of 

steroid biochemistry and molecular biology, 203, 105751. 

https://doi.org/10.1016/j.jsbmb.2020.105751 

55. Ergoren M, Tulay P, Dundar M. Are new genome variants detected in SARS-

CoV-2 expected considering population dynamics in viruses? The EuroBiotech 

Journal. 2021;5(1): 1-3). 

56. Faria NR, Claro IM, Candido D, Moyses Franco LA, Andrade PS, Coletti TM, 

et al. (12 January 2021). "Genomic characterisation of an emergent SARS-CoV-

https://doi.org/10.1186/s40246-020-00280-6
https://doi.org/10.1371/journal.pone.0263069
https://doi.org/10.1038/s41430-020-0661-0
https://www.sciencedirect.com/book/9780128132579/essential-concepts-in-molecular-pathology
https://www.sciencedirect.com/book/9780128132579/essential-concepts-in-molecular-pathology
https://virological.org/t/genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586


62 
 

2 lineage in Manaus: preliminary findings". CADDE Genomic 

Network. virological.org. Archived from the original on 20 May 2021. 

Retrieved 23 January 2021. 

57. Fisher, S. A., Rahimzadeh, M., Brierley, C., Gration, B., Doree, C., Kimber, C. 

E., Plaza Cajide, A., Lamikanra, A. A., & Roberts, D. J. (2019). The role of 

vitamin D in increasing circulating T regulatory cell numbers and modulating T 

regulatory cell phenotypes in patients with inflammatory disease or in healthy 

volunteers: A systematic review. PloS one, 14(9), e0222313. 

https://doi.org/10.1371/journal.pone.0222313 

58. Freitas, A.T., Calhau, C., Antunes, G. et al. Vitamin D-related polymorphisms 

and vitamin D levels as risk biomarkers of COVID-19 disease severity. Sci 

Rep 11, 20837 (2021). https://doi.org/10.1038/s41598-021-99952-z 

59. Frutos R, Gavotte L, Devaux CA (November 2021). "Understanding the origin 

of COVID-19 requires to change the paradigm on zoonotic emergence from the 

spillover to the circulation model". Infection, Genetics and Evolution. 95: 

104812. doi:10.1016/j.meegid.2021.104812 

60. Gadina M, Gazaniga N, Vian L, Furumoto Y. Small molecules to the rescue: 

Inhibition of cytokine signaling in immune-mediated diseases. Journal of 

Autoimmunity. 2017. pii: S0896-8411(17):pii: S0896-8411(17)30411-0. DOI: 

10.1016/j.jaut.2017.06.006 

61. Gaier R (5 March 2021). "Exclusive: Oxford study indicates AstraZeneca 

effective against Brazil variant, source says". Reuters. Rio de 

Janeiro. Archived from the original on 9 March 2021. Retrieved 9 March 2021. 

62. Gallagher J (12 June 2021). "Covid: Is there a limit to how much worse variants 

can get?". BBC. Archived from the original on 15 June 2021. Retrieved 12 

June 2021. 

63. Gao Z, Xu Y, Sun C, Wang X, Guo Y, Qiu S, Ma K (February 2021). "A 

systematic review of asymptomatic infections with COVID-19". Journal of 

Microbiology, Immunology, and Infection = Wei Mian Yu Gan Ran Za 

Zhi. 54 (1): 12–16. doi:10.1016/j.jmii.2020.05.001 

64. Gordon, D. E., Jang, G. M., Bouhaddou, M., Xu, J., Obernier, K., White, K. M., 

et al. (2020). A SARS-CoV-2 protein interaction map reveals targets for drug 

repurposing. Nature 583, 459–468. doi: 10.1038/s41586-020-2286-9 

https://virological.org/t/genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586
https://web.archive.org/web/20210520082806/https:/virological.org/t/genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586
https://doi.org/10.1371/journal.pone.0222313
https://doi.org/10.1038/s41598-021-99952-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7969828
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7969828
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7969828
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.meegid.2021.104812
https://www.reuters.com/article/us-health-coronavirus-brazil-variant-exc-idUSKBN2AX1NS
https://www.reuters.com/article/us-health-coronavirus-brazil-variant-exc-idUSKBN2AX1NS
https://web.archive.org/web/20210309125137/https:/www.reuters.com/article/us-health-coronavirus-brazil-variant-exc-idUSKBN2AX1NS
https://www.bbc.co.uk/news/health-57431420
https://www.bbc.co.uk/news/health-57431420
https://en.wikipedia.org/wiki/BBC
https://web.archive.org/web/20210615170043/https:/www.bbc.co.uk/news/health-57431420
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227597
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227597
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.jmii.2020.05.001


63 
 

65. Grant MC, Geoghegan L, Arbyn M, Mohammed Z, McGuinness L, Clarke EL, 

Wade RG (23 June 2020). "The prevalence of symptoms in 24,410 adults 

infected by the novel coronavirus (SARS-CoV-2; COVID-19): A systematic 

review and meta-analysis of 148 studies from 9 countries". PLOS ONE. 15 (6): 

e0234765. Bibcode:2020PLoSO..1534765G. doi:10.1371/journal.pone.0234765 

66.  Griffiths E, Tanner J, Knox N, Hsiao W, Van Domselaar G (15 January 

2021). CanCOGeN Interim Recommendations for Naming, Identifying, and 

Reporting SARS-CoV-2 Variants of Concern 

67. Griffiths J. "Wuhan coronavirus deaths spike again as outbreak shows no signs 

of slowing". CNN. Retrieved 4 April 2020. 

68. Habas, K., Nganwuchu, C., Shahzad, F., Gopalan, R., Haque, M., Rahman, S., 

Majumder, A. A., & Nasim, T. (2020). Resolution of coronavirus disease 2019 

(COVID-19). Expert review of anti-infective therapy, 18(12), 1201–1211. 

https://doi.org/10.1080/14787210.2020.1797487 

69. Harrison AG, Lin T, Wang P (December 2020). "Mechanisms of SARS-CoV-2 

Transmission and Pathogenesis". Trends in Immunology. 41 (12): 1100–

1115. doi:10.1016/j.it.2020.10.004 

70. Hayat Ouassou, Loubna Kharchoufa, Mohamed Bouhrim, Nour Elhouda 

Daoudi, Hamada Imtara, Noureddine Bencheikh, Amine ELbouzidi, Mohamed 

Bnouham, "The Pathogenesis of Coronavirus Disease 2019 (COVID-19): 

Evaluation and Prevention", Journal of Immunology Research, vol. 2020, Article 

ID 1357983, 7 pages, 2020. https://doi.org/10.1155/2020/1357983 

71. Hendy, Mohamed; Kaufman, Samuel; Ponga, Mauricio (December 2021). 

"Molecular strategies for antibody binding and escape of SARS-CoV-2 and its 

mutations". Scientific Reports. 11 (1): 21735. doi:10.1038/s41598-021-01081-0 

72. Hilgenfeld R, Peiris M. From SARS to MERS: 10 years of research on highly 

pathogenic human coronaviruses. Antiviral Res. (2013) 100:286–95. doi: 

10.1016/j.antiviral.2013.08.015 

73. Holick MF (December 2004). "Sunlight and vitamin D for bone health and 

prevention of autoimmune diseases, cancers, and cardiovascular disease". The 

American Journal of Clinical Nutrition. 80 (6 Suppl): 1678S–

88S. doi:10.1093/ajcn/80.6.1678S 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7310678
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7310678
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7310678
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2020PLoSO..1534765G
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1371%2Fjournal.pone.0234765
https://nccid.ca/wp-content/uploads/sites/2/2021/02/CanCOGeN-Interim-Recommendations-for-Naming-Identifying-and-Reporting-SARS-CoV-2-Variants.pdf
https://nccid.ca/wp-content/uploads/sites/2/2021/02/CanCOGeN-Interim-Recommendations-for-Naming-Identifying-and-Reporting-SARS-CoV-2-Variants.pdf
https://www.cnn.com/2020/02/05/asia/wuhan-coronavirus-update-death-toll-spike-intl-hnk/index.html
https://www.cnn.com/2020/02/05/asia/wuhan-coronavirus-update-death-toll-spike-intl-hnk/index.html
https://doi.org/10.1080/14787210.2020.1797487
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7556779
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7556779
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.it.2020.10.004
https://doi.org/10.1155/2020/1357983
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fs41598-021-01081-0
https://doi.org/10.1093%2Fajcn%2F80.6.1678S
https://doi.org/10.1093%2Fajcn%2F80.6.1678S
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1093%2Fajcn%2F80.6.1678S


64 
 

74. Holick MF, MacLaughlin JA, Clark MB, Holick SA, Potts JT, Jr., Anderson RR, 

Blank IH, Parrish JA, Elias P. Photosynthesis of previtamin D3 in human skin 

and the physiologic consequences. Science. 1980;210:203–205 

75. Holick MF. The vitamin D deficiency pandemic: approaches for diagnosis, 

treatment and prevention. Rev Endocr Metab Disord. 2017;18(2):153–65. 

76. Holmes EC, Goldstein SA, Rasmussen AL, Robertson DL, Crits-Christoph A, 

Wertheim JO, et al. (September 2021). "The origins of SARS-CoV-2: A critical 

review". Cell. 184 (19): 4848–4856. doi:10.1016/j.cell.2021.08.017 

77. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-

19. Nat Rev Microbiol. (2021) 19:141–54. doi: 10.1038/s41579-020-00459-7 

78. Hu, T., Liu, Y., Zhao, M., Zhuang, Q., Xu, L., & He, Q. (2020). A comparison 

of COVID-19, SARS and MERS. PeerJ, 8, e9725. 

https://doi.org/10.7717/peerj.9725 

79. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. (February 2020). "Clinical 

features of patients infected with 2019 novel coronavirus in Wuhan, 

China". Lancet. 395 (10223): 497–506. doi:10.1016/S0140-6736(20)30183-5 

80.  Investigation of SARS-CoV-2 variants of concern in EnglandTechnical briefing 

6 13 February 2021 

81. Islam MA (November 2020). "Prevalence of Headache in Patients With 

Coronavirus Disease 2019 (COVID-19): A Systematic Review and Meta-

Analysis of 14,275 Patients". Frontiers in Neurology. 11: 

562634. doi:10.3389/fneur.2020.562634 

82. Iwasaki A and Pillai PS: Innate immunity to influenza virus infection. Nat Rev 

Immunol. 14:315–328. 2014.PubMed/NCBI View Article : Google Scholar 

83. Ji, Y. L., Wu, Y., Qiu, Z., Ming, H., Zhang, Y., Zhang, A. N., Leng, Y., & Xia, 

Z. Y. (2021). The Pathogenesis and Treatment of COVID-19: A System 

Review. Biomedical and environmental sciences : BES, 34(1), 50–60. 

https://doi.org/10.3967/bes2021.007 

84. Jiang S, Xia S, Ying T, Lu L (May 2020). "A novel coronavirus (2019-nCoV) 

causing pneumonia-associated respiratory syndrome". Cellular & Molecular 

Immunology. 17 (5): 554. doi:10.1038/s41423-020-0372-4 

85. José L Hernández, Daniel Nan, Marta Fernandez-Ayala, Mayte García-Unzueta, 

Miguel A Hernández-Hernández, Marcos López-Hoyos, Pedro Muñoz-Cacho, 

José M Olmos, Manuel Gutiérrez-Cuadra, Juan J Ruiz-Cubillán, Javier Crespo, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8373617
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8373617
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.cell.2021.08.017
https://doi.org/10.7717/peerj.9725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0140-6736%2820%2930183-5
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961299/Variants_of_Concern_VOC_Technical_Briefing_6_England-1.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961299/Variants_of_Concern_VOC_Technical_Briefing_6_England-1.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7728918
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7728918
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7728918
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3389%2Ffneur.2020.562634
http://www.ncbi.nlm.nih.gov/pubmed/24762827
http://dx.doi.org/10.1038/nri3665
http://scholar.google.com/scholar_lookup?title=Innate%20immunity%20to%20influenza%20virus%20infection
https://doi.org/10.3967/bes2021.007
https://doi.org/10.1038%2Fs41423-020-0372-4
https://doi.org/10.1038%2Fs41423-020-0372-4
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fs41423-020-0372-4


65 
 

Víctor M Martínez-Taboada, Vitamin D Status in Hospitalized Patients with 

SARS-CoV-2 Infection, The Journal of Clinical Endocrinology & Metabolism, 

Volume 106, Issue 3, March 2021, Pages e1343–

e1353, https://doi.org/10.1210/clinem/dgaa733 

86. Kakar S. Cytokines evolution: Role in various diseases. Current Medicine 

Research and Practice. 2017;5(4):176-182. DOI: 10.1016/j.cmrp.2015.07.002 

87. Kandemiş, E., Tuncel, G., Fahrioğlu, U., Temel, Ş. G., Mocan, G., & Ergören, 

M. Ç. (2021). Natural selection at work? Vitamin D deficiency rates and rising 

health problems in young Turkish Cypriot professionals. Central European 

journal of public health, 29(2), 130–133. https://doi.org/10.21101/cejph.a6117 

88. Kanne J.P. Chest CT findings in 2019 novel coronavirus (2019-NCoV) 

infections from Wuhan, China: Key points for the 

radiologist. Radiology. 2020;295:16–17. doi: 10.1148/radiol.2020200241. 

89. Kany, S., Vollrath, J. T., & Relja, B. (2019). Cytokines in Inflammatory 

Disease. International journal of molecular sciences, 20(23), 6008. 

https://doi.org/10.3390/ijms20236008 

90. Kevadiya, B.D., Machhi, J., Herskovitz, J. et al. Diagnostics for SARS-CoV-2 

infections. Nat. Mater. 20, 593–605 (2021). https://doi.org/10.1038/s41563-020-

00906-z 

91. Khan, T., Agnihotri, K., Tripathi, A., Mukherjee, S., Agnihotri, N., & Gupta, G. 

(2020). COVID-19: A Worldwide, Zoonotic, Pandemic Outbreak. Alternative 

therapies in health and medicine, 26(S2), 56–64. 

92. Killerby ME, Biggs HM, Haynes A, Dahl RM, Mustaquim D, Gerber SI, et al. 

Human coronavirus circulation in the United States 2014-2017. J Clin 

Virol. (2018) 101:52–6. doi: 10.1016/j.jcv.2018.01.019 

93. Kim KD, Zhao J, Auh S, Yang X, Du P, Tang H, et al. . Adaptive Immune Cells 

Temper Initial Innate Responses. Nat Med (2007) 13(10):1248–

52.  10.1038/nm1633 [PMC free article] [PubMed] [CrossRef] [Google Scholar] 

94. King, A. M. Q., Adams, M. J., Carstens, E. B., and Lefkowitz, E. J. (eds) 

(2012). “Family - Coronaviridae,” in Virus Taxonomy. San Diego, CA: 

Elsevier, 806–828. doi: 10.1016/B978-0-12-384684-6.00068-9 

95. Koenderman L, Buurman W, Daha MR. The innate immune response. 

Immunology Letters. 2014;162(2 Pt B):95-102. DOI: 

10.1016/j.imlet.2014.10.010 

https://doi.org/10.1210/clinem/dgaa733
https://doi.org/10.21101/cejph.a6117
https://doi.org/10.3390/ijms20236008
https://doi.org/10.1038/s41563-020-00906-z
https://doi.org/10.1038/s41563-020-00906-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2435248/
https://www.ncbi.nlm.nih.gov/pubmed/17891146
https://dx.doi.org/10.1038%2Fnm1633
https://scholar.google.com/scholar_lookup?journal=Nat+Med&title=Adaptive+Immune+Cells+Temper+Initial+Innate+Responses&author=KD+Kim&author=J+Zhao&author=S+Auh&author=X+Yang&author=P+Du&volume=13&issue=10&publication_year=2007&doi=10.1038/nm1633&


66 
 

96. Krawiec, M., & Dominiak, M. (2018). The role of vitamin D in the human body 

with a special emphasis on dental issues: Literature review. Dental and medical 

problems, 55(4), 419–424. https://doi.org/10.17219/dmp/99051 

97. Kupferschmidt K (15 January 2021). "New coronavirus variants could cause 

more reinfections, require updated 

vaccines". Science. doi:10.1126/science.abg6028. S2CID 234141081. Archived 

from the original on 22 February 2021. Retrieved 2 February 2021. 

98. Lai C.C., Shih T.P., Ko W.C., Tang H.J., Hsueh P.R. Severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-

19): The epidemic and the challenges. Int. J. Antimicrob. 

Agents. 2020;55:105924. doi: 10.1016/j.ijantimicag.2020.105924.  

99. Laplana M, Royo JL, Fibla J (2018) Vitamin D Receptor polymorphisms and 

risk of enveloped virus infection: a meta-analysis. Gene 678:384–394. 

100. Lee PI, Hsueh PR. Emerging threats from zoonotic coronaviruses-from 

SARS and MERS to 2019-nCoV. J Microbiol Immunol Infect 2020;53:365–7. 

101. Lee, Y.H.; Bae, S.-C.; Choi, S.J.; Ji, J.D.; Song, G.G. Associations 

between vitamin D receptor polymorphisms and susceptibility to rheumatoid 

arthritis and systemic lupus erythematosus: A meta-analysis. Mol. Biol. 

Rep. 2011, 38, 3643–3651. [Google Scholar] [CrossRef] 

102. Letko M, Marzi A, Munster V (April 2020). "Functional assessment of 

cell entry and receptor usage for SARS-CoV-2 and other lineage B 

betacoronaviruses". Nature Microbiology. 5 (4): 562–569. doi:10.1038/s41564-

020-0688-y 

103. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. (March 

2020). "Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus-

Infected Pneumonia". The New England Journal of Medicine. 382 (13): 1199–

1207. doi:10.1056/NEJMoa2001316 

104. Li X, Zai J, Zhao Q, Nie Q, Li Y, Foley BT, Chaillon A (June 

2020). "Evolutionary history, potential intermediate animal host, and cross-

species analyses of SARS-CoV-2". Journal of Medical Virology. 92 (6): 602–

611. doi:10.1002/jmv.25731 

105. Li, C., He, Q., Qian, H., & Liu, J. (2021). Overview of the pathogenesis 

of COVID-19 (Review). Experimental and therapeutic medicine, 22(3), 1011. 

https://doi.org/10.3892/etm.2021.10444 

https://doi.org/10.17219/dmp/99051
https://www.sciencemag.org/news/2021/01/new-coronavirus-variants-could-cause-more-reinfections-require-updated-vaccines
https://www.sciencemag.org/news/2021/01/new-coronavirus-variants-could-cause-more-reinfections-require-updated-vaccines
https://www.sciencemag.org/news/2021/01/new-coronavirus-variants-could-cause-more-reinfections-require-updated-vaccines
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1126%2Fscience.abg6028
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:234141081
https://web.archive.org/web/20210222193149/https:/www.sciencemag.org/news/2021/01/new-coronavirus-variants-could-cause-more-reinfections-require-updated-vaccines
https://scholar.google.com/scholar_lookup?title=Associations+between+vitamin+D+receptor+polymorphisms+and+susceptibility+to+rheumatoid+arthritis+and+systemic+lupus+erythematosus:+A+meta-analysis&author=Lee,+Y.H.&author=Bae,+S.-C.&author=Choi,+S.J.&author=Ji,+J.D.&author=Song,+G.G.&publication_year=2011&journal=Mol.+Biol.+Rep.&volume=38&pages=3643%E2%80%933651&doi=10.1007/s11033-010-0477-4
https://doi.org/10.1007/s11033-010-0477-4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7095430
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7095430
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7095430
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fs41564-020-0688-y
https://doi.org/10.1038%2Fs41564-020-0688-y
https://doi.org/10.1056%2FNEJMoa2001316
https://doi.org/10.1056%2FNEJMoa2001316
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1056%2FNEJMoa2001316
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7228310
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fjmv.25731
https://doi.org/10.3892/etm.2021.10444


67 
 

106. Li, F. (2016). Structure, function, and evolution of coronavirus spike 

proteins. Annu. Rev. Virol. 3, 237–261. doi: 10.1146/annurev-virology-110615-

042301 

107. Li, L.; Wu, B.; Liu, J.-Y.; Yang, L.-B. Vitamin D receptor gene 

polymorphisms and type 2 diabetes: A meta-analysis. Arch. Med. Res. 2013, 44, 

235–241. [Google Scholar] [CrossRef] [PubMed] 

108. Li, X., van Geffen, J., van Weele, M. et al. An observational and 

Mendelian randomisation study on vitamin D and COVID-19 risk in UK 

Biobank. Sci Rep 11, 18262 (2021). https://doi.org/10.1038/s41598-021-97679-5 

109. Lin L, Lu L, Cao W and Li T: Hypothesis for potential pathogenesis of 

SARS-CoV-2 infection-a review of immune changes in patients with viral 

pneumonia. Emerg Microbes Infect. 9:727–732. 2020.PubMed/NCBI View 

Article : Google Scholar 

110. Liu, R. et al. Positive rate of RT–PCR detection of SARS-CoV-2 

infection in 4880 cases from one hospital in Wuhan, China, from Jan to Feb 

2020. Clin. Chim. Acta 505, 172–175 (2020). 

111. Loeffelholz, M. J. & Tang, Y. W. Laboratory diagnosis of emerging 

human coronavirus infections—the state of the art. Emerg. Microbes Infect. 9, 

747–756 (2020). 

112. Lotfi, M., Hamblin, M. R., & Rezaei, N. (2020). COVID-19: 

Transmission, prevention, and potential therapeutic opportunities. Clinica 

chimica acta; international journal of clinical chemistry, 508, 254–266. 

https://doi.org/10.1016/j.cca.2020.05.044 

113. Lu R., Zhao X., Li J., Niu P., Yang B., Wu H., Wang W., Song H., 

Huang B., Zhu N., et al. Genomic characterisation and epidemiology of 2019 

novel coronavirus: Implications for virus origins and receptor 

binding. Lancet. 2020;395:565–574. doi: 10.1016/S0140-6736(20)30251-8. 

114. Lu, D., Zhang, J., Ma, C., Yue, Y., Zou, Z., Yu, C., & Yin, F. (2018). 

Link between community-acquired pneumonia and vitamin D levels in older 

patients. Zusammenhang zwischen ambulant erworbener Pneumonie und 

Vitamin-D-Spiegel bei älteren Patienten. Zeitschrift fur Gerontologie und 

Geriatrie, 51(4), 435–439. https://doi.org/10.1007/s00391-017-1237-z 

115. Maghbooli Z, Sahraian MA, Ebrahimi M, Pazoki M, Kafan S, Tabriz 

HM, et al. (2020) Vitamin D sufficiency, a serum 25-hydroxyvitamin D at least 

https://scholar.google.com/scholar_lookup?title=Vitamin+D+receptor+gene+polymorphisms+and+type+2+diabetes:+A+meta-analysis&author=Li,+L.&author=Wu,+B.&author=Liu,+J.-Y.&author=Yang,+L.-B.&publication_year=2013&journal=Arch.+Med.+Res.&volume=44&pages=235%E2%80%93241&doi=10.1016/j.arcmed.2013.02.002&pmid=23506721
https://doi.org/10.1016/j.arcmed.2013.02.002
https://www.ncbi.nlm.nih.gov/pubmed/23506721
https://doi.org/10.1038/s41598-021-97679-5
http://www.ncbi.nlm.nih.gov/pubmed/32196410
http://dx.doi.org/10.1080/22221751.2020.1746199
http://dx.doi.org/10.1080/22221751.2020.1746199
http://scholar.google.com/scholar_lookup?title=Hypothesis%20for%20potential%20pathogenesis%20of%20SARS-CoV-2%20infection-a%20review%20of%20immune%20changes%20in%20patients%20with%20viral%20pneumonia
https://doi.org/10.1016/j.cca.2020.05.044
https://doi.org/10.1007/s00391-017-1237-z


68 
 

30 ng/mL reduced risk for adverse clinical outcomes in patients with COVID-19 

infection. PLoS ONE 15(9): e0239799. 

https://doi.org/10.1371/journal.pone.0239799 

116. Maldonado, L. L., Bertelli, A. M., & Kamenetzky, L. (2021). Molecular 

features similarities between SARS-CoV-2, SARS, MERS and key human genes 

could favour the viral infections and trigger collateral effects. Scientific 

reports, 11(1), 4108. https://doi.org/10.1038/s41598-021-83595-1 

117. Mamani M, Muceli N, Basir HRG, Vasheghani M, Poorolajal 

J. Association between serum concentration of 25-hydroxyvitamin D and 

community-acquired pneumonia: a case-control study. Int J Gen Med. 2017; 

10:423. 

118. Martineau AR, Jolliffe DA, Greenberg L, Aloia JF, Bergman P, Dubnov-

Raz G, Esposito S, Ganmaa D, Ginde AA, Goodall EC. Vitamin D 

supplementation to prevent acute respiratory infections: individual participant 

data meta-analysis. Health Technol Assess. 2019;23(2):1-44. 

119. Martineau, A. R., & Forouhi, N. G. (2020). Vitamin D for COVID-19: a 

case to answer? The lancet. Diabetes & endocrinology, 8(9), 735–736. 

https://doi.org/10.1016/S2213-8587(20)30268-0 

120. Martineau, A. R., Jolliffe, D. A., Hooper, R. L., Greenberg, L., Aloia, J. 

F., Bergman, P., Dubnov-Raz, G., Esposito, S., Ganmaa, D., Ginde, A. A., 

Goodall, E. C., Grant, C. C., Griffiths, C. J., Janssens, W., Laaksi, I., Manaseki-

Holland, S., Mauger, D., Murdoch, D. R., Neale, R., Rees, J. R., … Camargo, C. 

A., Jr (2017). Vitamin D supplementation to prevent acute respiratory tract 

infections: systematic review and meta-analysis of individual participant 

data. BMJ (Clinical research ed.), 356, i6583. https://doi.org/10.1136/bmj.i6583 

121. Mauvais-Jarvis F, Klein SL, Levin ER. Estradiol, Progesterone, 

Immunomodulation, and COVID-19 Outcomes. Endocrinology. 2020;161(9).   

122. McNeil Jr DG (2 February 2020). "Wuhan Coronavirus Looks 

Increasingly Like a Pandemic, Experts Say". The New York Times. ISSN 0362-

4331. Retrieved 4 April 2020. 

123. Meltzer DO, Best TJ, Zhang H, Vokes T, Arora V, Solway J. Association 

of Vitamin D Status and Other Clinical Characteristics With COVID-19 Test 

Results. JAMA Netw Open. 2020;3(9):e2019722. 

doi:10.1001/jamanetworkopen.2020.19722 

https://doi.org/10.1371/journal.pone.0239799
https://doi.org/10.1038/s41598-021-83595-1
https://doi.org/10.1016/S2213-8587(20)30268-0
https://doi.org/10.1136/bmj.i6583
https://en.wikipedia.org/wiki/Donald_McNeil_Jr.
https://www.nytimes.com/2020/02/02/health/coronavirus-pandemic-china.html
https://www.nytimes.com/2020/02/02/health/coronavirus-pandemic-china.html
https://en.wikipedia.org/wiki/The_New_York_Times
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0362-4331
https://www.worldcat.org/issn/0362-4331


69 
 

124. Mousavizadeh, L., and Ghasemi, S. (2020). Genotype and phenotype of 

COVID-19: their roles in pathogenesis. J. Microbiol. Immunol. Infect. doi: 

10.1016/j.jmii.2020.03.022 [Epub ahead of print], 

125. Munshi R, Hussein MH, Toraih EA, Elshazli RM, Jardak C, Sultana N, 

et al. Vitamin D insufficiency as a potential culprit in critical COVID-19 

patients. J Med Virol. 2021;93:733–40. https://doi.org/10.1002/jmv.26360. 

126. Naqvi, A., Fatima, K., Mohammad, T., Fatima, U., Singh, I. K., Singh, 

A., Atif, S. M., Hariprasad, G., Hasan, G. M., & Hassan, M. I. (2020). Insights 

into SARS-CoV-2 genome, structure, evolution, pathogenesis and therapies: 

Structural genomics approach. Biochimica et biophysica acta. Molecular basis of 

disease, 1866(10), 165878. https://doi.org/10.1016/j.bbadis.2020.165878 

127. Nascimento V, Souza V (25 February 2021). "COVID-19 epidemic in the 

Brazilian state of Amazonas was driven by long-term persistence of endemic 

SARS-CoV-2 lineages and the recent emergence of the new Variant of Concern 

P.1". Research Square. doi:10.21203/rs.3.rs-275494/v1. Archived from the 

original on 1 March 2021. Retrieved 2 March 2021. 

128. Navas-Martín SR and Weiss S: Coronavirus replication and 

pathogenesis: Implications for the recent outbreak of severe acute respiratory 

syndrome (SARS), and the challenge for vaccine development. J Neurovirol. 

10:75–85. 2004.PubMed/NCBI View Article : Google Scholar 

129. Nejentsev S, Godfrey L, Snook H, Rance H, Nutland S, Walker NM, et 

al. Comparative high-resolution analysis of linkage disequilibrium and tag single 

nucleotide polymorphisms between populations in the vitamin D receptor gene. 

Hum Mol Genet. 2004;13(15):1633–9. 

130. Norman AW (August 2008). "From vitamin D to hormone D: 

fundamentals of the vitamin D endocrine system essential for good health". The 

American Journal of Clinical Nutrition. 88 (2): 491S–

499S. doi:10.1093/ajcn/88.2.491S 

131. Nussbaumer-Streit B, Mayr V, Dobrescu AI, Chapman A, Persad E, 

Klerings I, et al. (April 2020). "Quarantine alone or in combination with other 

public health measures to control COVID-19: a rapid review". The Cochrane 

Database of Systematic Reviews. 4: 

CD013574. doi:10.1002/14651858.CD013574 

https://doi.org/10.1002/jmv.26360
https://doi.org/10.1016/j.bbadis.2020.165878
https://www.researchsquare.com/article/rs-275494/v1
https://www.researchsquare.com/article/rs-275494/v1
https://www.researchsquare.com/article/rs-275494/v1
https://www.researchsquare.com/article/rs-275494/v1
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.21203%2Frs.3.rs-275494%2Fv1
https://web.archive.org/web/20210301193848/https:/www.researchsquare.com/article/rs-275494/v1
http://www.ncbi.nlm.nih.gov/pubmed/15204926
http://dx.doi.org/10.1080/13550280490280292
http://scholar.google.com/scholar_lookup?title=Coronavirus%20replication%20and%20pathogenesis:%20Implications%20for%20the%20recent%20outbreak%20of%20severe%20acute%20respiratory%20syndrome%20(SARS),%20and%20the%20challenge%20for%20vaccine%20development
https://doi.org/10.1093%2Fajcn%2F88.2.491S
https://doi.org/10.1093%2Fajcn%2F88.2.491S
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1093%2Fajcn%2F88.2.491S
https://doi.org/10.1002%2F14651858.CD013574
https://doi.org/10.1002%2F14651858.CD013574
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2F14651858.CD013574


70 
 

132. O. Ramos-Lopez, F. I. Milagro, H. Allayee et al., “Guide for current 

nutrigenetic, nutrigenomic, and nutriepigenetic approaches for precision 

nutrition involving the prevention and management of chronic diseases 

associated with obesity,” Journal of Nutrigenetics and Nutrigenomics, vol. 10, 

no. 1-2, pp. 43–62, 2017.View at: Publisher Site | Google Scholar 

133. Okba, N. M. A. et al. Severe acute respiratory syndrome coronavirus 2-

specific antibody responses in coronavirus disease patients. Emerg. Infect. 

Dis. 26, 1478–1488 (2020). 

134. Oran DP, Topol EJ (January 2021). "The Proportion of SARS-CoV-2 

Infections That Are Asymptomatic : A Systematic Review". Annals of Internal 

Medicine. 174 (5): M20-6976. doi:10.7326/M20-6976 

135. Pan Y., Guan H. Imaging changes in patients with 2019-nCov. Eur. 

Radiol. 2020;30:3612–3613. doi: 10.1007/s00330-020-06713-z. 

136. Paules, C. I., Marston, H. D., and Fauci, A. S. (2020). Coronavirus 

infections-more than just the common cold. JAMA 323, 707–708. doi: 

10.1001/jama.2020.0757 

137. Pearson H, Pullen L, Dao C (11 June 2021). "AHS breaks down 

vaccination data of COVID-19 Delta variant outbreak at Calgary 

hospital". Global News. Archived from the original on 12 June 2021. 

Retrieved 12 June 2021. 

138. Peralta, E. M., Rosales, Y. Z., Mesa, T. C., González, E., Pérez, Y. H., de 

los Ángeles González Torres, M., Balbuena, H. R., & Teruel, B. M. (2021). TaqI 

polymorphism of the VDR gene: aspects related to the clinical behavior of 

COVID-19 in Cuban patients. The Egyptian Journal of Medical Human 

Genetics, 22(1), 83. https://doi.org/10.1186/s43042-021-00206-4 

139. Piplani, Sakshi; Singh, Puneet Kumar; Winkler, David A.; Petrovsky, 

Nikolai (December 2021). "In silico comparison of SARS-CoV-2 spike protein-

ACE2 binding affinities across species and implications for virus 

origin". Scientific Reports. 11 (1): 13063. doi:10.1038/s41598-021-92388-5 

140. Prietl, B., Treiber, G., Mader, J. K., Hoeller, E., Wolf, M., Pilz, S., 

Graninger, W. B., Obermayer-Pietsch, B. M., & Pieber, T. R. (2014). High-dose 

cholecalciferol supplementation significantly increases peripheral CD4⁺ Tregs in 

healthy adults without negatively affecting the frequency of other immune 

https://doi.org/10.1159/000477729
https://scholar.google.com/scholar_lookup?title=Guide%20for%20current%20nutrigenetic,%20nutrigenomic,%20and%20nutriepigenetic%20approaches%20for%20precision%20nutrition%20involving%20the%20prevention%20and%20management%20of%20chronic%20diseases%20associated%20with%20obesity&author=O.%20Ramos-Lopez&author=F.%20I.%20Milagro&author=H.%20Allayee%20et%20al.&publication_year=2017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7839426
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7839426
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.7326%2FM20-6976
https://globalnews.ca/news/7943610/calgary-foothills-hospital-covid-19-delta-outbreak-vaccinations/
https://globalnews.ca/news/7943610/calgary-foothills-hospital-covid-19-delta-outbreak-vaccinations/
https://globalnews.ca/news/7943610/calgary-foothills-hospital-covid-19-delta-outbreak-vaccinations/
https://web.archive.org/web/20210612051503/https:/globalnews.ca/news/7943610/calgary-foothills-hospital-covid-19-delta-outbreak-vaccinations/
https://doi.org/10.1186/s43042-021-00206-4
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fs41598-021-92388-5


71 
 

cells. European journal of nutrition, 53(3), 751–759. 

https://doi.org/10.1007/s00394-013-0579-6 

141. Prieto GA, Cotman CW. Cytokines and cytokine networks target neurons 

to modulate long-term potentiation. Cytokine & Growth Factor Reviews. 

2017;34:27-33. DOI: 10.1016/j.cytogfr.2017.03.005 

142. Proudfoot AE, Bonvin P, Power CA. Targeting chemokines: Pathogens 

can, why can’t we? Cytokine. 2015;74(2):259-267. DOI: 

10.1016/j.cyto.2015.02.011 

143. Q. Ye, B. Wang, and J. Mao, “The pathogenesis and treatment of the 

‘Cytokine Storm’ in COVID-19,” The Journal of Infection, vol. 80, no. 6, pp. 

607–613, 2020.View at: Publisher Site | Google Scholar 

144. Quirch M, Lee J, Rehman S (August 2020). "Hazards of the Cytokine 

Storm and Cytokine-Targeted Therapy in Patients With COVID-19: 

Review". Journal of Medical Internet Research. 22 (8): 

e20193. doi:10.2196/20193 

145. Raman, R., Patel, K. J., & Ranjan, K. (2021). COVID-19: Unmasking 

Emerging SARS-CoV-2 Variants, Vaccines and Therapeutic 

Strategies. Biomolecules, 11(7), 993. https://doi.org/10.3390/biom11070993 

146. Raoult D, Zumla A, Locatelli F, et al. Coronavirus infections: 

epidemiological, clinical and immunological features and hypotheses. Cell 

Stress. 2020;4(4):66-75. 

147. Rathore JS, Ghosh C (August 2020). "Severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2), a newly emerged pathogen: an 

overview". Pathogens and Disease. 78 (6). doi:10.1093/femspd/ftaa042 

148. Rauf, A., Abu-Izneid, T., Olatunde, A., Ahmed Khalil, A., Alhumaydhi, 

F. A., Tufail, T., Shariati, M. A., Rebezov, M., Almarhoon, Z. M., Mabkhot, Y. 

N., Alsayari, A., & Rengasamy, K. (2020). COVID-19 Pandemic: 

Epidemiology, Etiology, Conventional and Non-Conventional 

Therapies. International journal of environmental research and public 

health, 17(21), 8155. https://doi.org/10.3390/ijerph17218155 

149. Research Use Only 2019-Novel Coronavirus (2019-nCoV) Real-time RT-

PCR Primers and Probes (Centers for Disease Control and Prevention, 

https://doi.org/10.1007/s00394-013-0579-6
https://doi.org/10.1016/j.jinf.2020.03.037
https://scholar.google.com/scholar_lookup?title=The%20pathogenesis%20and%20treatment%20of%20the%20%E2%80%98Cytokine%20Storm%E2%80%99%20in%20COVID-19&author=Q.%20Ye&author=B.%20Wang&author=&author=J.%20Mao&publication_year=2020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428145
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428145
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428145
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.2196%2F20193
https://doi.org/10.3390/biom11070993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7499575
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7499575
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7499575
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1093%2Ffemspd%2Fftaa042
https://doi.org/10.3390/ijerph17218155


72 
 

2020); https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-

probes.html 

150. Ricci, A., Pagliuca, A., D’Ascanio, M. et al. Circulating Vitamin D 

levels status and clinical prognostic indices in COVID-19 patients. Respir 

Res 22, 76 (2021). https://doi.org/10.1186/s12931-021-01666-3 

151. Rota, P. A., Oberste, M. S., Monroe, S. S., Nix, W. A., Campagnoli, R., 

Icenogle, J. P., et al. (2003). Characterization of a novel coronavirus associated 

with severe acute respiratory syndrome. Science 300, 1394–1399. doi: 

10.1126/science.1085952 

152. Salian, V. S., Wright, J. A., Vedell, P. T., Nair, S., Li, C., Kandimalla, 

M., Tang, X., Carmona Porquera, E. M., Kalari, K. R., & Kandimalla, K. K. 

(2021). COVID-19 Transmission, Current Treatment, and Future Therapeutic 

Strategies. Molecular pharmaceutics, 18(3), 754–771. 

https://doi.org/10.1021/acs.molpharmaceut.0c00608 

153. Saniasiaya J, Islam MA (April 2021). "Prevalence of Olfactory 

Dysfunction in Coronavirus Disease 2019 (COVID-19): A Meta-analysis of 

27,492 Patients". The Laryngoscope. 131 (4): 865–878. doi:10.1002/lary.29286 

154. Santos BR, Mascarenhas LPG, Satler F, Boguszewski MCS, Spritzer PM 

(2012) Vitamin D defciency in girls from South Brazil: a cross-sectional study 

on prevalence and association with vitamin D receptor gene variants. BMC 

Pediatr 12:62 

155. Schoeni, R. F., Wiemers, E. E., Seltzer, J. A., & Langa, K. M. (2021). 

Association Between Risk Factors for Complications From COVID-19, 

Perceived Chances of Infection and Complications, and Protective Behavior in 

the US. JAMA network open, 4(3), e213984. 

https://doi.org/10.1001/jamanetworkopen.2021.3984 

156. Shablovsky S (September 2017). "The legacy of the Spanish 

flu". Science. 357 (6357): 

1245. Bibcode:2017Sci...357.1245S. doi:10.1126/science.aao4093 

157. Shahhosseini, Nariman; Babuadze, George (Giorgi); Wong, Gary; 

Kobinger, Gary P. (May 2021). "Mutation Signatures and In Silico Docking of 

Novel SARS-CoV-2 Variants of Concern". Microorganisms. 9 (5): 

926. doi:10.3390/microorganisms9050926 

https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-probes.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-panel-primer-probes.html
https://doi.org/10.1186/s12931-021-01666-3
https://doi.org/10.1021/acs.molpharmaceut.0c00608
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7753439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7753439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7753439
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Flary.29286
https://doi.org/10.1001/jamanetworkopen.2021.3984
https://science.sciencemag.org/content/357/6357/1245
https://science.sciencemag.org/content/357/6357/1245
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2017Sci...357.1245S
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1126%2Fscience.aao4093
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8146828
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8146828
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3390%2Fmicroorganisms9050926


73 
 

158. She J, Liu L, Liu W. COVID-19 epidemic: disease characteristics in 

children. J Med Virol. (2020) 92:747–54. doi: 10.1002/jmv.25807 

159. Shiehzadegan, S., Alaghemand, N., Fox, M., & Venketaraman, V. 

(2021). Analysis of the Delta Variant B.1.617.2 COVID-19. Clinics and 

practice, 11(4), 778–784. https://doi.org/10.3390/clinpract11040093 

160. Shimabukuro-Vornhagen A, Gödel P, Subklewe M, Stemmler HJ, 

Schlößer HA, Schlaak M, et al. Cytokine release syndrome. J Immunother 

Cancer (2018) 6(1):56. doi: 10.1186/s40425-018-0343-9 

161. Siu YL, Teoh KT, Lo J, Chan CM, Kien F, Escriou N, et al. The M, E, 

and N structural proteins of the severe acute respiratory syndrome coronavirus 

are required for efficient assembly, trafficking, and release of virus-like 

particles. J Virol. (2008) 82:11318–30. doi: 10.1128/JVI.01052-08 

162. Snijder, E. J., Bredenbeek, P. J., Dobbe, J. C., Thiel, V., Ziebuhr, J., 

Poon, L. L. M., et al. (2003). Unique and conserved features of genome and 

proteome of SARS-coronavirus, an early split-off from the coronavirus group 2 

Lineage. J. Mol. Biol. 331, 991–1004. doi: 10.1016/S0022-2836(03)00865-9 

163. Soy M, Keser G, Atagündüz P, Tabak F, Atagündüz I, Kayhan S (July 

2020). "Cytokine storm in COVID-19: pathogenesis and overview of anti-

inflammatory agents used in treatment". Clinical Rheumatology. 39 (7): 2085–

2094. doi:10.1007/s10067-020-05190-5 

164. Stetson DB, Medzhitov R. Type I Interferons in Host 

Defense. Immunity (2006) 25(3):373–81.  10.1016/j.immuni.2006.08.007  

165. Struyf, T., Deeks, J. J., Dinnes, J., Takwoingi, Y., Davenport, C., 

Leeflang, M. M., Spijker, R., Hooft, L., Emperador, D., Domen, J., Horn, S., 

Van den Bruel, A., & Cochrane COVID-19 Diagnostic Test Accuracy Group 

(2021). Signs and symptoms to determine if a patient presenting in primary care 

or hospital outpatient settings has COVID-19. The Cochrane database of 

systematic reviews, 2(2), CD013665. 

https://doi.org/10.1002/14651858.CD013665.pub2 

166. Takeuchi O., Akira S. Pattern recognition receptors and inflammation. 

Cell., 140 (2010), pp. 805-820 http://dx.doi.org/10.1016/j.cell.2010.01.022 

167. Tang, Q., Song, Y., Shi, M., Cheng, Y., Zhang, W., and Xia, X.-Q. 

(2015). Inferring the hosts of coronavirus using dual statistical models based on 

nucleotide composition. Sci. Rep. 5:17155. doi: 10.1038/srep17155 

https://doi.org/10.3390/clinpract11040093
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260446
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260446
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs10067-020-05190-5
https://doi.org/10.1002/14651858.CD013665.pub2
https://www.bjid.org.br/index.php?p=doi-resolver&doi=10.1016/j.cell.2010.01.022


74 
 

168. The Novel Coronavirus Pneumonia Emergency Response Epidemiology 

Team (February 2020). "The Epidemiological Characteristics of an Outbreak of 

2019 Novel Coronavirus Diseases (COVID-19) – China, 2020". China CDC 

Weekly. 2 (8): 113–122. doi:10.46234/ccdcw2020.032 

169. The Novel Coronavirus Pneumonia Emergency Response Epidemiology 

Team (February 2020). "The Epidemiological Characteristics of an Outbreak of 

2019 Novel Coronavirus Diseases (COVID-19) – China, 2020". China CDC 

Weekly. 2 (8): 113–

122. doi:10.46234/ccdcw2020.032. PMC 8392929. PMID 34594836. 

Retrieved 18 March 2020. 

170. Thomas S. (2020). The Structure of the Membrane Protein of SARS-

CoV-2 Resembles the Sugar Transporter SemiSWEET. Pathogens & 

immunity, 5(1), 342–363. https://doi.org/10.20411/pai.v5i1.377 

171. Tosi MF. Innate immune responses to infection. The Journal of Allergy 

and Clinical Immunology. 2005;116(2):241-249. DOI: 

10.1016/j.jaci.2005.05.036 

172. Tregoning, John S.; Flight, Katie E.; Higham, Sophie L.; Wang, Ziyin; 

Pierce, Benjamin F. (9 August 2021). "Progress of the COVID-19 vaccine 

effort: viruses, vaccines and variants versus efficacy, effectiveness and 

escape". Nature Reviews Immunology. 21 (10): 626–636. doi:10.1038/s41577-

021-00592-1 

173. Tsai J, Wilson M. COVID-19: a potential public health problem for 

homeless populations. Lancet Public Health 2020;5:e186–7. 

174. Uitterlinden, A.G.; Fang, Y.; Van Meurs, J.B.J.; Pols, H.A.P.; Van 

Leeuwen, J.P.T.M. Genetics and biology of vitamin D receptor 

polymorphisms. Gene 2004, 338, 143–156. [Google Scholar] [CrossRef] 

[PubMed] 

175. Umakanthan, S., Sahu, P., Ranade, A. V., Bukelo, M. M., Rao, J. S., 

Abrahao-Machado, L. F., Dahal, S., Kumar, H., & Kv, D. (2020). Origin, 

transmission, diagnosis and management of coronavirus disease 2019 (COVID-

19). Postgraduate medical journal, 96(1142), 753–758. 

https://doi.org/10.1136/postgradmedj-2020-138234 

176. Usategui-Martín, R., De Luis-Román, D. A., Fernández-Gómez, J. M., 

Ruiz-Mambrilla, M., & Pérez-Castrillón, J. L. (2022). Vitamin D Receptor 

http://weekly.chinacdc.cn/en/article/id/e53946e2-c6c4-41e9-9a9b-fea8db1a8f51
http://weekly.chinacdc.cn/en/article/id/e53946e2-c6c4-41e9-9a9b-fea8db1a8f51
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.46234%2Fccdcw2020.032
http://weekly.chinacdc.cn/en/article/id/e53946e2-c6c4-41e9-9a9b-fea8db1a8f51
http://weekly.chinacdc.cn/en/article/id/e53946e2-c6c4-41e9-9a9b-fea8db1a8f51
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.46234%2Fccdcw2020.032
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8392929
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/34594836
https://doi.org/10.20411/pai.v5i1.377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8351583
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8351583
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8351583
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fs41577-021-00592-1
https://doi.org/10.1038%2Fs41577-021-00592-1
https://scholar.google.com/scholar_lookup?title=Genetics+and+biology+of+vitamin+D+receptor+polymorphisms&author=Uitterlinden,+A.G.&author=Fang,+Y.&author=Van+Meurs,+J.B.J.&author=Pols,+H.A.P.&author=Van+Leeuwen,+J.P.T.M.&publication_year=2004&journal=Gene&volume=338&pages=143%E2%80%93156&doi=10.1016/j.gene.2004.05.014&pmid=15315818
https://doi.org/10.1016/j.gene.2004.05.014
https://www.ncbi.nlm.nih.gov/pubmed/15315818
https://doi.org/10.1136/postgradmedj-2020-138234


75 
 

(VDR) Gene Polymorphisms Modify the Response to Vitamin D 

Supplementation: A Systematic Review and Meta-Analysis. Nutrients, 14(2), 

360. https://doi.org/10.3390/nu14020360 

177. Valdivielso, J. M., & Fernandez, E. (2006). Vitamin D receptor 

polymorphisms and diseases. Clinica chimica acta; international journal of 

clinical chemistry, 371(1-2), 1–12. https://doi.org/10.1016/j.cca.2006.02.016 

178. van Dorp L, Acman M, Richard D, Shaw LP, Ford CE, Ormond L, et al. 

(September 2020). "Emergence of genomic diversity and recurrent mutations in 

SARS-CoV-2". Infection, Genetics and Evolution. 83: 

104351. doi:10.1016/j.meegid.2020.104351 

179. Verdecchia P, Cavallini C, Spanevello A, Angeli F (June 2020). "The 

pivotal link between ACE2 deficiency and SARS-CoV-2 infection". European 

Journal of Internal Medicine. 76: 14–20. doi:10.1016/j.ejim.2020.04.037 

180. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. 

Structure, function, and antigenicity of the SARS-CoV-2 spike 

glycoprotein. Cell. (2020) 181:281–92.e6. doi: 10.1016/j.cell.2020.02.058 

181. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by the 

novel coronavirus from Wuhan: an analysis based on decade-long structural 

studies of SARS coronavirus. J Virol. 2020; 94:e00127-20.doi: 

10.1128/jvi.00127-20. 

182. Wang, B., Li, R., Lu, Z. & Huang, Y. Does comorbidity increase the risk 

of patients with COVID-19: evidence from meta-analysis. Aging 12, 6049–6057 

(2020). 

183. Wang, H., Chen, W., Li, D., Yin, X., Zhang, X., Olsen, N., & Zheng, S. 

G. (2017). Vitamin D and Chronic Diseases. Aging and disease, 8(3), 346–353. 

https://doi.org/10.14336/AD.2016.1021 

184. Weir, E. K., Thenappan, T., Bhargava, M., & Chen, Y. (2020). Does 

vitamin D deficiency increase the severity of COVID-19?. Clinical medicine 

(London, England), 20(4), e107–e108. https://doi.org/10.7861/clinmed.2020-

0301 

185. Whitfield, G.K.; Remus, L.S.; Jurutka, P.W.; Zitzer, H.; Oza, A.K.; 

Dang, H.T.L.; Haussler, C.A.; Galligan, M.A.; Thatcher, M.L.; Dominguez, 

C.E.; et al. Functionally relevant polymorphisms in the human nuclear vitamin 

https://doi.org/10.3390/nu14020360
https://doi.org/10.1016/j.cca.2006.02.016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7199730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7199730
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.meegid.2020.104351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167588
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.ejim.2020.04.037
https://doi.org/10.14336/AD.2016.1021
https://doi.org/10.7861/clinmed.2020-0301
https://doi.org/10.7861/clinmed.2020-0301


76 
 

D receptor gene. Mol. Cell. Endocrinol. 2001, 177, 145–159. [Google Scholar] 

[CrossRef] 

186. Wiersinga, W. J., Rhodes, A., Cheng, A. C., Peacock, S. J., & Prescott, 

H. C. (2020). Pathophysiology, Transmission, Diagnosis, and Treatment of 

Coronavirus Disease 2019 (COVID-19): A Review. JAMA, 324(8), 782–793. 

https://doi.org/10.1001/jama.2020.12839 

187. Williams AE. Basic Concepts in Immunology. In: Immunology: Mucosal 

and Body Surface Defences. Chichester, UK: John Wiley & Sons, Ltd; 2011. 

p. 1-19. DOI: 10.1002/9781119998648.ch1 

188. Williams AE. The Innate Immune System. In: . Immunology: Mucosal 

and Body Surface Defences. Chichester, UK: John Wiley & Sons, Ltd; 2011. 

p. 20-40. DOI: 10.1002/9781119998648.ch2 

189. Winichakoon P, et al. Negative Nasopharyngeal and Oropharyngeal 

Swabs Do Not Rule Out COVID-19. J Clin Microbiol 58, e00297–20 (2020). 

190. Wolf G (June 2004). "The discovery of vitamin D: the contribution of 

Adolf Windaus". The Journal of Nutrition. 134 (6): 1299–

302. doi:10.1093/jn/134.6.1299 

191. Woo PC, Lau SK, Lam CS, Lau CC, Tsang AK, Lau JH, Bai R, Teng JL, 

Tsang CC, Wang M, et al. Discovery of seven novel Mammalian and avian 

coronaviruses in the genus deltacoronavirus supports bat coronaviruses as the 

gene source of alphacoronavirus and betacoronavirus and avian coronaviruses as 

the gene source of gammacoronavirus and deltacoronavirus. J Virol. 

2012;86(7):3995–4008. 

192. Wu YC, Chen CS, Chan YJ (March 2020). "The outbreak of COVID-19: 

An overview". Journal of the Chinese Medical Association. 83 (3): 217–

220. doi:10.1097/JCMA.0000000000000270 

193. Wu, F., Zhao, S., Yu, B., Chen, Y.-M., Wang, W., Song, Z.-G., et al. 

(2020). A new coronavirus associated with human respiratory disease in 

China. Nature 579, 265–269. doi: 10.1038/s41586-020-2008-3 

194. Xu X., Chen P., Wang J., Feng J., Zhou H., Li X., Zhong W., Hao P. 

Evolution of the novel coronavirus from the ongoing Wuhan outbreak and 

modeling of its spike protein for risk of human transmission. Sci. China Life 

Sci. 2020;63:457–460. doi: 10.1007/s11427-020-1637-5. 

https://scholar.google.com/scholar_lookup?title=Functionally+relevant+polymorphisms+in+the+human+nuclear+vitamin+D+receptor+gene&author=Whitfield,+G.K.&author=Remus,+L.S.&author=Jurutka,+P.W.&author=Zitzer,+H.&author=Oza,+A.K.&author=Dang,+H.T.L.&author=Haussler,+C.A.&author=Galligan,+M.A.&author=Thatcher,+M.L.&author=Dominguez,+C.E.&publication_year=2001&journal=Mol.+Cell.+Endocrinol.&volume=177&pages=145%E2%80%93159&doi=10.1016/S0303-7207(01)00406-3
https://doi.org/10.1016/S0303-7207(01)00406-3
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1093%2Fjn%2F134.6.1299
https://doi.org/10.1093%2Fjn%2F134.6.1299
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1093%2Fjn%2F134.6.1299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7153464
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7153464
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1097%2FJCMA.0000000000000270


77 
 

195. Yin Y, Wunderink RG. MERS. SARS and other coronaviruses as causes 

of pneumonia. Respirology. (2018) 23:130–7. doi: 10.1111/resp.13196 

196. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. (February 

2020). "A Novel Coronavirus from Patients with Pneumonia in China, 

2019". The New England Journal of Medicine. 382 (8): 727–

733. doi:10.1056/NEJMoa2001017 

197. Zimmer C (1 March 2021). "Virus Variant in Brazil Infected Many Who 

Had Already Recovered From Covid-19 – The first detailed studies of the so-

called P.1 variant show how it devastated a Brazilian city. Now scientists want 

to know what it will do elsewhere". The New York Times. Archived from the 

original on 3 March 2021. Retrieved 3 March 2021. 

198. Zumla A, Chan JF, Azhar EI, Hui DS, Yuen KY. Coronaviruses - drug 

discovery and therapeutic options. Nat Rev Drug Discov. (2016) 15:327–47. doi: 

10.1038/nrd.2015.37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092803
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1056%2FNEJMoa2001017
https://en.wikipedia.org/wiki/Carl_Zimmer
https://www.nytimes.com/2021/03/01/health/covid-19-coronavirus-brazil-variant.html
https://www.nytimes.com/2021/03/01/health/covid-19-coronavirus-brazil-variant.html
https://www.nytimes.com/2021/03/01/health/covid-19-coronavirus-brazil-variant.html
https://www.nytimes.com/2021/03/01/health/covid-19-coronavirus-brazil-variant.html
https://web.archive.org/web/20210303001526/https:/www.nytimes.com/2021/03/01/health/covid-19-coronavirus-brazil-variant.html


78 
 

Appendix A: Ethical Approval Document 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13%
SIMILARITY INDEX

10%
INTERNET SOURCES

10%
PUBLICATIONS

%
STUDENT PAPERS

1 2%

2 1%

3 <1%

4 <1%

5 <1%

Thesis
ORIGINALITY REPORT

PRIMARY SOURCES

www.esp.org
Internet Source

www.science.gov
Internet Source

Selcuk Gormez, Refik Erdim, Gokce Akan,
Barıs Caynak, Cihan Duran, Demet Gunay,
Volkan Sozer, Fatmahan Atalar. "Relationships
between visceral/subcutaneous adipose
tissue FABP4 expression and coronary
atherosclerosis in patients with metabolic
syndrome", Cardiovascular Pathology, 2020
Publication

Zhang, Kai, Yan Zhao, Qingzhong Wang,
Haifeng Jiang, Jiang Du, Shunying Yu, and Min
Zhao. "Association study of GABA system
genes polymorphisms with amphetamine-
induced psychotic disorder in a Han Chinese
population", Neuroscience Letters, 2016.
Publication

Balachandar Vellingiri, Kaavya Jayaramayya,
Mahalaxmi Iyer, Arul Narayanasamy et al.



6 <1%

7 <1%

8 <1%

9 <1%

10 <1%

11 <1%

12 <1%

13 <1%

14 <1%

"COVID-19: A promising cure for the global
panic", Science of The Total Environment,
2020
Publication

www.ncbi.nlm.nih.gov
Internet Source

hepd.pnpi.spb.ru
Internet Source

www.frontiersin.org
Internet Source

dr.lib.sjp.ac.lk
Internet Source

hdl.handle.net
Internet Source

www.gov.uk
Internet Source

mmrjournal.biomedcentral.com
Internet Source

jogh.org
Internet Source

Huan Zhou, Junfa Yang, Chang Zhou, Bangjie
Chen, Hui Fang, Shuo Chen, Xianzheng Zhang,
Linding Wang, Lingling Zhang. "A Review of
SARS-CoV2: Compared With SARS-CoV and
MERS-CoV", Frontiers in Medicine, 2021
Publication



15 <1%

16 <1%

17 <1%

18 <1%

19 <1%

20 <1%

21 <1%

anatomiadaconsciencia.files.wordpress.com
Internet Source

lupinepublishers.com
Internet Source

Giuseppina Mariano, Rebecca J. Farthing,
Shamar L. M. Lale-Farjat, Julien R. C.
Bergeron. "Structural Characterization of
SARS-CoV-2: Where We Are, and Where We
Need to Be", Frontiers in Molecular
Biosciences, 2020
Publication

Www.dovepress.com
Internet Source

Lei Cong, Wei-bo Wang, Qi Liu, Jia-jun Du.
"FokI Polymorphism of the Vitamin D
Receptor Gene Is Associated with
Susceptibility to Gastric Cancer: A Case-
Control Study", The Tohoku Journal of
Experimental Medicine, 2015
Publication

Vilarino, F.L.. "Analysis of vitamin D receptor
gene polymorphisms in women with and
without endometriosis", Human Immunology,
201104
Publication

www.educationjournal.org
Internet Source



22 <1%

23 <1%

24 <1%

25 <1%

26 <1%

27 <1%

28 <1%

29 <1%

30 <1%

31 <1%

Ahmad Abu Turab Naqvi, Kisa Fatima, Taj
Mohammad, Urooj Fatima et al. "Insights into
SARS-CoV-2 genome, structure, evolution,
pathogenesis and therapies: Structural
genomics approach", Biochimica et Biophysica
Acta (BBA) - Molecular Basis of Disease, 2020
Publication

www.medrxiv.org
Internet Source

ijaai.tums.ac.ir
Internet Source

livrepository.liverpool.ac.uk
Internet Source

ohpd.quintessenz.de
Internet Source

journal.isv.org.ir
Internet Source

office2.jmbfs.org
Internet Source

www.water-for-health.co.uk
Internet Source

www.annalsofian.org
Internet Source

www.e-sc.org
Internet Source



32 <1%

33 <1%

34 <1%

35 <1%

36 <1%

37 <1%

38 <1%

39 <1%

40 <1%

41 <1%

www.samj.org.za
Internet Source

bmcpediatr.biomedcentral.com
Internet Source

ebin.pub
Internet Source

encyclopedia.pub
Internet Source

www.endocrino.org.br
Internet Source

www.labettor.com
Internet Source

Chu Ketan, Zhou Xiao, Luo Ben-yan. "Cytokine
Gene Polymorphisms and Parkinson's
Disease: A Meta-Analysis", Canadian Journal
of Neurological Sciences / Journal Canadien
des Sciences Neurologiques, 2014
Publication

cyberleninka.org
Internet Source

ida.mtholyoke.edu
Internet Source

pubannotation.org
Internet Source



42 <1%

43 <1%

44 <1%

45 <1%

Boula, Angeline, Diane Waku-Kouomou, Mina
Njiki Kinkela, Mathew D. Esona, Grace
Kemajou, David Mekontso, Mapaseka Seheri,
Valantine Ngum Ndze, Irene Emah, Serge Ela,
Benjamin A. Dahl, Marie Kobela, Kathleen F.
Cavallaro, Georges Alain Etoundi Mballa, Jon
R. Genstch, Michael D. Bowen, and Paul Koki
Ndombo. "Molecular surveillance of rotavirus
strains circulating in Yaoundé, Cameroon,
September 2007–December 2012", Infection
Genetics and Evolution, 2014.
Publication

Meet Parmar, Ritik Thumar, Jigar Sheth,
Dhaval Patel. "Designing multi-epitope based
peptide vaccine targeting spike protein SARS-
CoV-2 B1.1.529 (Omicron) variant using
computational approaches.", Cold Spring
Harbor Laboratory, 2022
Publication

Yasmine Moemen, Fatma Khalil, Ashraf Khalil.
"FokI polymorphism in vitamin D receptor
gene and its association with hepatocellular
carcinoma in Egyptian patients with chronic
liver disease", Meta Gene, 2019
Publication

assets.researchsquare.com
Internet Source

bioone.org



46 <1%

47 <1%

48 <1%

49 <1%

50 <1%

51 <1%

52 <1%

Internet Source

link.springer.com
Internet Source

sdh.hmu.edu.vn
Internet Source

www.bjorl.org
Internet Source

Dini Setiarsih, Pramudji Hastuti, Detty Siti
Nurdiati. "Vitamin D receptor gene
polymorphism in Madura pregnant women
with hypertension: a case control study",
Egyptian Journal of Medical Human Genetics,
2022
Publication

Elizabeth Ramos-Lopez. "Vitamin D Receptor
Polymorphisms are Associated with Graves'
Disease in German and Polish But not in
Serbian Patients", Thyroid, 10/2005
Publication

Emily S. Bailey, Jane K. Fieldhouse, Jessica Y.
Choi, Gregory C. Gray. "A Mini Review of the
Zoonotic Threat Potential of Influenza Viruses,
Coronaviruses, Adenoviruses, and
Enteroviruses", Frontiers in Public Health,
2018
Publication



53 <1%

54 <1%

55 <1%

56 <1%

57 <1%

Hayder A. Hasan, Ra’ed O. AbuOdeh, Wan
Abdul Manan Bin Wan Muda, Hamid Jan Bin
Jan Mohamed, AB Rani Samsudin.
"Association of Vitamin D receptor gene
polymorphisms with metabolic syndrome and
its components among adult Arabs from the
United Arab Emirates", Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 2017
Publication

Hoda Rasheed, Rehab A. Hegazy, Heba I.
Gawdat, Dina A. Mehaney et al. "Serum
Vitamin D and Vitamin D Receptor Gene
Polymorphism in Mycosis Fungoides Patients:
A Case Control Study", PLOS ONE, 2016
Publication

Michal Karpiński, Anna Galicka, Robert
Milewski, Janusz Popko, Vladimir Badmaev,
Sidney J. Stohs. "Association between Vitamin
D Receptor Polymorphism and Serum Vitamin
D Levels in Children with Low-Energy
Fractures", Journal of the American College of
Nutrition, 2017
Publication

biotechnologyforbiofuels.biomedcentral.com
Internet Source

brri.portal.gov.bd
Internet Source



58 <1%

59 <1%

60 <1%

61 <1%

62 <1%

63 <1%

64 <1%

65 <1%

66 <1%

docplayer.net
Internet Source

krishikosh.egranth.ac.in
Internet Source

portlandpress.com
Internet Source

www.hindawi.com
Internet Source

www.mdpi.com
Internet Source

www.oncotarget.com
Internet Source

www.preprints.org
Internet Source

Can Huzmeli, Gokhan Bagci, Ferhan Candan,
Binnur Bagci, Lale Akkaya, Mansur Kayatas.
"Association of vitamin D receptor gene TaqI,
FokI and ApaI variants with arteriovenous
fistula failure in hemodialysis patients", The
Journal of Vascular Access, 2018
Publication

José Luis Muñoz Carrillo, Flor Pamela Castro
Rodríguez, Oscar Gutiérrez Coronado, María
Alejandra Moreno García et al. "Chapter 6
Physiology and Pathology of Innate Immune



67 <1%

68 <1%

69 <1%

70 <1%

Response Against Pathogens", IntechOpen,
2017
Publication

Katarzyna Domańska-Blicharz, Grzegorz
Woźniakowski, Bogdan Konopka, Krzysztof
Niemczuk et al. "Animal coronaviruses in the
light of COVID-19", Journal of Veterinary
Research, 2020
Publication

McKee, Martin, Krentel, Alison. "Ebook: Issues
in Public Health: Challenges for the 21st
Century", Ebook: Issues in Public Health:
Challenges for the 21st Century, 2022
Publication

Messaritakis, Ippokratis, George Samonis,
Dimitra Dimopoulou, Sofia Maraki, John A
Papadakis, Vassiliki Daraki, Maria Fragaki,
Christiana Choulaki, Angeliki Andrianaki, and
Diamantis P Kofteridis. "Staphylococcus
aureus nasal carriage might be associated
with vitamin D receptor polymorphisms in
type 2 diabetes", Clinical Microbiology and
Infection, 2014.
Publication

Mohammad Jahidur Rahman Khan, Samshad
Jahan shumu, Ruksana Raihan, Nusrat
Mannan et al. "Prevalence of SARS-CoV-2
infection among COVID-19 RT-PCR laboratory



71 <1%

72 <1%

73 <1%

74 <1%

75 <1%

workers in Bangladesh", Cold Spring Harbor
Laboratory, 2021
Publication

Negin Rezavand, Saba Tabarok, Ziba Rahimi,
Asad Vaisi-Raygani, Ehsan Mohammadi,
Zohreh Rahimi. "The effect of VDR gene
polymorphisms and vitamin D level on blood
pressure, risk of preeclampsia, gestational
age, and body mass index", Journal of Cellular
Biochemistry, 2018
Publication

Yuda Turana, Michael Nathaniel, Robert Shen,
Soegianto Ali, Rajender R. Aparasu. "Citicoline
and COVID-19-Related Cognitive and Other
Neurologic Complications", Brain Sciences,
2021
Publication

Yuvaraj Muthuraman, Ilamathi
Lakshminarayanan. "A review of the COVID-19
pandemic and its interaction with
environmental media", Environmental
Challenges, 2021
Publication

era.ed.ac.uk
Internet Source

mdpi-res.com
Internet Source



76 <1%

77 <1%

78 <1%

79 <1%

80 <1%

81 <1%

82 <1%

pure.eur.nl
Internet Source

repositorio-aberto.up.pt
Internet Source

www.njmonline.org
Internet Source

İlhan Yaylım-Eraltan. "Investigation of the VDR
gene polymorphisms association with
susceptibility to colorectal cancer", Cell
Biochemistry and Function, 11/2007
Publication

B Gyorffy. "Gender-specific association of
vitamin D receptor polymorphism
combinations with type 1 diabetes mellitus",
European Journal of Endocrinology,
12/01/2002
Publication

Mengli Chen, Xiangying Kong, Xinyi Lu,
Shengen Liao, Xiaosu Tang, Haifeng Zhang,
Xinli Li. "Vitamin D Deficiency is Associated
With Elevated Blood Concentrations of
Ethylene Oxide", Research Square Platform
LLC, 2021
Publication

Yu-Ming Niu, Ya-Dong Wang, Guang-Bin Jiang,
Gang Bai, Hong-Bo Chai, Xue-Feng Li, Yuan-
Yuan Hu, Ming Shen. "Association Between



83 <1%

84 <1%

85 <1%

86 <1%

Vitamin D Receptor Gene Polymorphisms and
Polycystic Ovary Syndrome Risk: A Meta-
Analysis", Frontiers in Physiology, 2019
Publication

Gajanan Sampatrao Ghodake, Surendra
Krushna Shinde, Avinash Ashok Kadam, Rijuta
Ganesh Saratale et al. "Biological
characteristics and biomarkers of novel SARS-
CoV-2 facilitated rapid development and
implementation of diagnostic tools and
surveillance measures", Biosensors and
Bioelectronics, 2021
Publication

Kenneth Lundstrom. "Biotechnology
strategies for the development of novel
therapeutics and vaccines against the novel
COVID-19 pandemic", Elsevier BV, 2022
Publication

Kexin Yan, Troy Dumenil, Bing Tang, Thuy T.
Le, Cameron Bishop, Andreas Suhrbier, Daniel
J. Rawle. "ACE2-independent SARS-CoV-2
infection and mouse adaption emerge after
passage in cells expressing human and
mouse ACE2", Cold Spring Harbor Laboratory,
2022
Publication

Qian Su, Xiangyu Ma, Hui Lin, Ying Li, Daiyu
Hu, Hongyan Xiong, Rufu Xu, Yafei Li.



87 <1%

88 <1%

Exclude quotes Off

Exclude bibliography Off

Exclude matches Off

"Association between gene polymorphisms of
vitamin D receptor and pulmonary
tuberculosis susceptibility: a meta-analysis",
Journal of Medical Colleges of PLA, 2011
Publication

Sumaira Naz, Muhammad Zahoor,
Muhammad Umar Khayam Sahibzada, Riaz
Ullah, Ali S. Alqahtani. "COVID-19 and SARS-
CoV-2: Everything we know so far – A
comprehensive review", Open Chemistry,
2021
Publication

doi.org
Internet Source


