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Introduction

Although coronavirus disease 2019 (COVID-19) is 
asymptomatic or has mild symptoms in the majority of 
the population, it may lead to death by causing serious 
clinical syndromes such as pneumonia, acute respiratory 
distress syndrome (ARDS), myocarditis, microvascu-
lar thrombosis, and cytokine storm in some patients (1). 
Extensive research has explored the effects of vitamin D 
on the treatment and complications of COVID-19 and 
its potential contribution to the reduction of COVID-19 
incidence. Vitamin D exerts antiviral activity and inhibits 
viral replication by stimulating the release of cathelicidin 
and defensin proteins in monocytes and macrophages (2). 
Vitamin D plays an important role in preventing respira-
tory system infections due to its effects such as stimulating 
the chemotaxis of T-lymphocytes and clearing respiratory 
pathogens by inducing apoptosis and autophagy in the in-
fected epithelium (3). It has been reported that low T-lym-
phocyte levels were found in some COVID-19 patients 
with severe symptoms (4). Since vitamin D supplementa-
tion increases the level of T-lymphocytes (5), this finding 
provides support for the hypothesis that vitamin D could 
be useful in the treatment of COVID-19. The severe pro-
gression of COVID-19 in some patients is one of the most 
important problems of the pandemic. Studies have pointed 
out an increased rate of thrombotic events and cytokine 

storm in severe COVID-19 patients. These events are res-
ponsible for fatal outcomes (6; 7; 8). Although the study of 
Faniyi et al. (9) suggested that vitamin D deficiency is an 
independent risk factor for the development of COVID-19 
seroconversion, with the biggest differences in the BAME 
male group, a recent, not yet peer-reviewed Mendelian. A 
randomization study on vitamin D and COVID-19 suscep-
tibility and severity in individuals of European ancestry, 
showed no protection of genetically increased 25(OH)D 
concentrations against COVID-19 susceptibility, hospita-
lization, or severe disease.

Materials and Methods

Samples collection
Samples were collected from Al-Diwaniyah Hospital 

from patients infected with Covid-19. The sample was 
divided into two parts, a section for DNA extraction to 
polymorphism and the other section for the purpose of 
examining the level of vitamin D.

Primers
ARMS-PCR primers for vitamin D binding protein 

gene polymorphism (DBP rs12785878 -T/G) were desig-
ned in this study using the NCBI-SNP data base and Pri-
mer1 ARMS-PCR primers design online. These primers 
were provided by (Scientific Researcher. Co. Ltd. Iraq) as 
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follows in Table 1.

Statistical methods
All statistical analyses were performed using the IBM 

SPSS software package ver. 22. Chi-square test was used 
to compare the genotype SNPs between the patients with 
COVID-19 and healthy groups. In addition, the Hardy–
Weinberg equilibrium for the three SNPs in the patients 
with COVID-19 and healthy groups was evaluated using 
the chi-square test. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were calculated using logistic regression to 
evaluate the effects of these differences. P values of 0.05 or 
less were considered statistically significant.

Results

Demographic characteristics of patients and control 
subjects 

The present study included 150 patients with Covid-19 
and 150 apparently healthy subjects (Table 2). The demo-
graphic characteristics of patients and control subjects re-
garding age, gender and residency which is a prerequisite 
for such a case control study are shown in Table 2. The 
mean age of patients was (39.3 ± 16.16) and that of control 
subjects was (25.06 ± 12.12) years old and there was a 
non-significant difference at (P<0.05) between patients 
and control subjects in mean age. Also, according to age 
distribution, the frequency of patients and control showed 
non-significant differences at (P<0.05). The frequency 
distribution of patients and control subjects according to 
gender, patients group included 76 (50.66%) males and 74 
(49.33 %) females, whereas, the control group included 72 

(48.00 %) males and 78 (52.00 %) females and there was 
no significant difference at (P<0.05). According to resi-
dency, the patients group included 96 (64.00%) cases from 
urban areas and 54 (36.00%) cases from rural areas, while 
the control group included 88 (58.66%) cases from urban 
areas and 62 (41.33 %) cases from rural areas and there 
was no significant difference at (P<0.05) in the frequency 
distribution of patients and control subjects according to 
residency.

Socioeconomic and lifestyle variables 
The present study indicates statistically no significant 

difference (P<0.05) between Covid-19 and occupation. As 
shown in Table 3, most Covid-19 patients were employ-
ments 28 (18.66%) compared with control 25 (16.66%). 
While Covid-19 patients were not employments 36 (24.00 
%) compared with control 32 (21.33 %). And Covid-19 
patients were student 24 (16.00 %) compared with control 
22 (14.66%). Although Covid-19 patients were retired 17 
(11.33%) compared with control 26 (17.33%). Covid-19 
patients were housewives 20 (13.33 %) compared with 
control 19 (12.66%). Although Covid-19 patients were 
military 25 (16.66%) compared with control 26 (17.33 
%). The frequency distribution of Covid-19 patients and 
healthy controls according to smoking showed Covid-19 
increased in non-smoking groups in comparison to the 
smoking group, 99 (66.00%) versus 89 (59.33 %) respec-
tively, but when compared to healthy controls indicate no 
significant association at (P<0.05) between smoking and 
Covid-19. The frequency distribution of Covid-19 patients 
and healthy controls according to married was as follows: 
97 (64.66 %) patients were married and 53 (35.33 %) 

Primer Sequence (5'-3') Product size
Wild type Forward Primer CGTCTTTTGTGTTTAATTTCTTT

515bpMutant Forward Primer CGTCTTTTGTGTTTAATTTCTTC
Common Reverse Primer CCAGTAAGAACAAGAGGCGGT

Table 1. The ARMS-PCR primers with their sequence and amplicon size.

Characteristic Patients Control P-value
Age (years)

Mean ±SD 39.3 ± 16.16 25.06 ± 12.12 0.075 ¥
NSRange 10-60 12-55

10-20, n (%) 18 (12.00%) 17 (11.33%)
0.664 ¥

NS
21-30, n (%) 32(21.33%) 39 (26.00%)
31-40, n (%) 42 (28.00%) 45 (30.00%)
>41, n (%) 58 (38.66%) 49 (32.66%)
Total n (%) 150(100.00%) 150 (100.00%)

Gender
Male, n (%) 76 (50.66% ) 72 (48.00%)

0.644 ¥
NS

Female, n (%) 74 (49.33% ) 78 (52.00%)
Total 150(100.00%) 150(100.00%)

Male: Female 1:1.02 _
Residency

Urban, n (%) 96 (64.00 %) 88 (58.66%) 0.342 ¥
NSRural, n (%) 54 (36.00%) 62 (41.33%)

Total 150(100.00%) 150(100.00%)
n: number of cases; SD: standard deviation; t-test; ¥: Chi-square test; HS: highly significant at P ≤ 0.05.

Table 2. Demographic characteristics of patients and control subjects.
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Genotypic and Alleles Frequency Analysis for studied 
genes in Patients with Covid-19 and Control groups

The association between DBP (rs12785878) gene poly-
morphism and the risk of Covid-19 is shown in Table 5. 
The heterozygous genotype TG was more frequent in the 
patients group in comparison with the control group, 66 

don’t marry compared to healthy controls 84 (56.00%) 
were married and 66 (44.00 %) don’t marry. The distribu-
tion of Covid-19 patients and healthy control in relation to 
socioeconomic and lifestyle variables are shown in Table 
3.

Vitamin D Concentration (ng/ml) of patients and 
control subjects

The results of vitamin D Concentration (ng/ml) of 
patients and control subjects are shown in Table 4. There 
was a significant difference at (P<0.05) in the frequency 
distribution of patients and control subjects in vitamin D 
concentration. The Patient group was Vit. D concentration 
(4.78 ± 0.98), whereas, the control group was (37.09 ± 
13.33).

Detection of DBP (rs12785878-T/G) Polymorphism
The distribution of DBP (rs12785878-T/G) Polymor-

phism was detected by Allele Specific PCR technique (Fig-
ures 1 and 2). At this SNP there are three genotypes; TT, 
GG and TG.  The (TT) wild type homozygote was shown 
in the T allele only, the (GG) mutant type homozygote was 
shown in G allele only, whereas the (T/G) heterozygote 
was shown in both T and G alleles. The presence of the T 
or G allele was observed at 515bp product size (Figure 1). 
In the control group, the (TT) wild type homozygote was 
shown in the T allele only, the (GG) mutant type homo-
zygote was shown in the G allele only, whereas the (T/G) 
heterozygote was shown in both T and G allele. The pre-
sence of the T or G allele was observed at 515bp product 
size.

Figure 1. Agarose gel electrophoresis image that showed the Allele 
Specific PCR product analysis of vitamin D binding protein gene po-
lymorphism (DBP rs12785878 -T/G) gene polymorphism in patient’s 
samples. Where M: marker (2000-100bp). The (TT) wild type homo-
zygote was shown in the T allele only, the (GG) mutant type homo-
zygote were shown in G allele only, whereas the (T/G) heterozygote 
was showed in both T and G allele. The presence of the T or G allele 
was observed at 515bp product size.

Characteristic Patients Control P- value
Occupation

Student, n (%) 24 (16.00%) 22 (14.66%)

0.788 ¥
NS

Employee, n (%) 28 (18.66%) 25 (16.66%)
No employee, n (%) 36 (24.00%) 32 (21.33%)
Retired, n (%) 17 (11.33%) 26 (17.33%)
Housewife, n (%) 20 (13.33%) 19 (12.66%)
Military, n (%) 25 (16.66%) 26 (17.33%)
Total, n (%) 150(100.00%) 150(100.00%)

Smoking
Yes, n (%) 99 (66.00%) 89 (59.33%) 0.232 ¥

NSNo, n (%) 51 (34.00%) 61 (40.66%)
Total, n (%) 150(100.00%) 150(100.00%)

Married
Yes, n (%) 97 (64.66%) 84(56.00%) 0.124 ¥

NSNo, n (%) 53 (35.33%) 66 (44.00%)
Total, n (%) 150(100.00%) 150(100.00%)

Table 3. Socioeconomic and lifestyle variables.

n: number of cases; ¥: Chi-square test; S: significant; NS: Non-significant.

Groups Patients Control
Mean ± STD 4.78±0.98 37.09±13.33

Chi-Square (χ ²) 8.311
P –Value 0.04 S

Table 4. Vit. D Concentration (ng/ml) of patients and control subjects.

Figure 2. Agarose gel electrophoresis image that showed the Allele 
Specific PCR product analysis of vitamin D binding protein gene po-
lymorphism (DBP rs12785878 -T/G) gene polymorphism in healthy 
control samples. Where M: marker (2000-100bp). The (TT) wild type 
homozygote was showed in the T allele only, the (GG) mutant type 
homozygote was shown in G allele only, whereas the (T/G) hetero-
zygote was shown in both T and G alleles. The presence of the T or G 
allele was observed at 515bp product size.
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versus 58, respectively and the difference was non-signi-
ficant at (P<0.05). Therefore, genotype TG was a genetic 
risk factor for Covid-19 with an odds ratio of 2.4074 (95% 
confidence interval of 1.2462-4.6505) and an etiologic 
fraction of 0.2963. On the other hand, the homozygous 
genotype GG was more frequent in patients group in com-
parison with the control group, 65 versus 54, respectively, 
but the difference was significant at (P<0.05). Therefore, 
genotype GG was a risk factor for Covid-19 with an odds 
ratio of 1.0578 (95% confidence interval of 0.6386-1.7522) 
and an etiologic fraction of 0.0299.

Discussion

This study investigated the relationship between vita-
min D binding protein gene polymorphism and COVID-
19-infected Iraqi patients. As the COVID-19 pandemic 
spread over the world, it severely disrupted people's daily 
lives. The pathogenesis of COVID-19 disease has been 
linked to several physiological processes and signalling 
systems, including vitamin D (10). Its importance cannot 
be overstated due to vitamin D's ability to fight off bacteria 
and control the immune system (11). As a result, this study 
confirms the findings of previous research that found a 
correlation between vitamin D and COVID-19. Vitamin D 
deficiency has been linked to poor outcomes, and reports 
of its prevalence are exceptionally high in COVID-19 pa-
tients in severe conditions. Despite the link between vita-
min D deficiency and severe COVID-19, there is still some 
debate as to whether or not vitamin D can protect against 
the disease due to its impact on adaptive and innate immu-
nity. Recent research has linked vitamin D deficiency to 
COVID-19 disease, and investigations have shown a cor-
relation between pneumonia and low serum levels of 
25-hydroxyvitamin D (12). The study's objective is to link 
specific variations in vitamin D receptor genes to the CO-
VID-19 virus. DBP is the primary molecule in charge of 
transporting and storing vitamin D metabolites in the 
blood. DBP binds roughly 85% of vitamin D metabolites 
in healthy individuals, while albumin binds only about 
15% (13). Many polymorphisms in the vitamin D metabo-
lic pathway work together to dramatically affect its levels 
and effects, which may explain this phenomenon. Poly-
morphisms in genes like vitamin D binding protein (DBP) 
that are part of the vitamin D metabolic pathway have 
been linked to the development and spread of COVID-19, 
and this work adds to the expanding body of evidence sup-
porting this hypothesis. The presence of distinct polymor-
phisms in each study population may account, at least in 
part, for the divergent findings concerning vitamin D and 
COVID-19 (14). Vitamin D supplement efficacy can be 
diminished by environmental influences and changes in 
DBP and other genes involved in vitamin D metabolism. 
Al-Horani et al.(15) investigated common DBP polymor-

phisms in vitamin D supplementation. Study participants 
with the significant homozygous rs7041 genotype had 
much higher 25[OH]D levels than those with other geno-
types, and those with the homozygous rs4588 genotype 
had the highest levels of all. The wide variety of genetic 
polymorphisms suggests that the optimal vitamin D level 
may vary depending on where to lives. These potential 
explanations should be considered in future studies exami-
ning the effect of vitamin D on genetic diversity in vitamin 
D metabolism among populations (10). Research on ado-
lescents with COVID-19 found that serum vitamin D le-
vels were related to clinical severity, inflammatory mar-
kers, and lymphocyte count. These associations held more 
valid in the absence of vitamin D than in the presence of 
sufficient levels (16). Significantly higher levels of vita-
min D insufficiency were observed over the COVID-19 
severity range (p 0.001). A retrospective observational 
study conducted found that people with high COVID-19 
severity were likelier to have low vitamin D levels (14). 
Vitamin D insufficiency is a worldwide epidemic, accor-
ding to Alshahawey (17). Preventative vitamin D supple-
mentation is standard in several countries, especially for 
young children and adolescents. Generally speaking, vita-
min D supplements are only provided to infants in the 
United States. Only 18.4 percent of this population had 
sufficient levels of 25-hydroxyvitamin D3. Adolescents' 
vitamin D levels were often lower than younger children 
or adults. The high rates of vitamin D insufficiency and the 
deficiency that coincided with the end of winter in our 
country may be explained by the low sun exposure from 
quarantine at the onset of the pandemic (12). Due to the 
widespread usage of vitamin D supplements in children 
younger than one-year-old, neonatal infants were also ex-
cluded. Preventative vitamin D supplementation should be 
considered a public health precaution during the CO-
VID-19 pandemic because of the high frequency of vita-
min D insufficiency and inadequacy among adolescents 
(16). Although COVID-19 is a global epidemic, the results 
of this single-centre study should be regarded with caution 
since they may not apply to persons in other countries. 
There is evidence that differences in ACE2 or vitamin D 
receptor genes contribute to illness susceptibility or seve-
rity (18). However, researchers discovered that the TT ge-
notype significantly increased the likelihood of developing 
COVID-19. Researchers have observed that the GT geno-
type increases population vulnerability to this disease. The 
observed heterogeneity in COVID-19 mortality rates 
among nations may have origins in differences in vitamin 
D metabolism caused by the rs7041 and rs451 DBP poly-
morphisms (12; 19; 20). The free vitamin D metabolite 
levels responsible for DBP are tightly regulated in various 
clinical settings, making DBP the most changeable protein 
known. The affinity of individual DBP alleles for vitamin 
D metabolites varies, which can have significant implica-

DBP 
rs12785878

Patients
n = 150

Control
n =150 P1 P2 OR 95% CI EF

GG 65(43.33%) 54(36.00%) 0.01958
¥
S

0.0815 ¥ NS 1.0578 0.6386-1.7522 0.0299
TG 66(44.00%) 58(38.66%) 0.00867 ¥ S 2.4074 1.2462-4.6505 0.2963
TT 19(12.66%) 38(25.33%) Reference Reference Reference Reference

Table 5. DBP rs12785878 -T/G POLY genotype frequency in patients with Covid-19 and control group.

P1: overall comparison; P2: Individual genotype comparison versus reference; n: number of cases; ¥: Chi-square test; OR: odds ratio; 
CI: confidence interval; EF: etiologic fraction; NS: non-significant.
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tions for various diseases and disorders (21). Multiple po-
pulations in the human population have been shown to 
have genetic variations in the vitamin D binding protein 
(DBP) gene that contribute to vitamin D insufficiency. 
Researchers estimate that 7 and 77 per cent of people 
worldwide do not get enough vitamin D. Compared to tro-
pical and high-latitude regions, subtropical and mid-lati-
tude areas have a higher prevalence of vitamin D insuffi-
ciency (22). Average blood 25(OH)D levels were 16.61 
ng/mL across all age groups in a study of 1,161 healthy 
Turks. Vitamin D insufficiency was also demonstrated, 
with results showing that 75.54 per cent of the adult popu-
lation in Turkey has 25(OH)D levels below 20 ng/mL. 
Genetics appears to play a significant influence in regula-
ting vitamin D levels in both healthy and ill persons. This 
article focuses on one specific SNP in the DBP gene: 
rs7041 (23). Another small study found that for patients 
hospitalised with COVID-19 disease, high vitamin D do-
sages lowered the chance of admission to the critical care 
unit. Multiple clinical investigations have demonstrated 
that vitamin D supplementation reduces the severity and 
fatality rate of viral infections (19). According to Freitas et 
al. (10), 64% of the COVID-19 participants had severe 
symptoms, 59% had intermediate symptoms, and 76% had 
vitamin D deficiency at the time of death. Another study; 
found that those who took vitamin D supplements regu-
larly for a year prior to contracting COVID-19 had a lower 
risk of developing severe illness and a better chance of 
surviving. These results support the study's preliminary 
conclusion that vitamin D and COVID-19 disease are as-
sociated with one another (18). In 20 European countries, 
Abrishami et al. (24) sought to determine if higher vitamin 
D levels in the blood were associated with decreased CO-
VID-19-related mortality rates. This research established a 
correlation between the mean blood content of vitamin D 
and the incidence and mortality rates across countries. It 
has been observed that patients who are more likely to 
have vitamin D insufficiencies, such as the elderly and 
those of black and minority ethnic (BAME) ancestry, are 
at high risk for severe COVID-19 (11). Vitamin D insuffi-
ciency is more common in infants and children than adults, 
but the symptoms are fewer in young children and infants. 
This research aimed to measure serum 25(OH)D levels 
from the earliest stages of the disease in both inpatient and 
outpatient COVID-19 patients. Multiple studies are being 
undertaken, but no one has yet looked at whether or not 
vitamin D affects COVID-19 (12). It is fascinating to think 
about the possible explanations for the correlation between 
vitamin D and DBP/COVID-19. Clinical investigations 
involving administering various types of vitamin D to hos-
pitalised patients with COVID-19 have shown conflicting 
results, suggesting that the immunomodulatory effects of 
vitamin D, if clinically meaningful, are more likely to be 
sustained than transient. Preventing vitamin D deficiency 
and the diseases it can cause may have more immediate 
effects than treating it (25). DBP SNPs, like vitamin D le-
vels, have been linked to COVID-19 prevalence, mortali-
ty, and other chronic conditions. Speeckaert et al. (14) dis-
covered that the existence of the DBP gene polymorphism 
(rs7041) was strongly linked with the incidence and death 
rates of COVID-19 in 55 countries, expanding on the work 
of Batur et al. (26). However, the ecological fallacy may 
be at play when combining data from different countries, 
so caution is warranted when extrapolating from this fin-

ding. Additional factors, such as comorbidities, may link 
DBP polymorphism and COVID-19. Specifically, we 
found a strong correlation between vitamin D status and 
COVID-19 outcomes for patients older than 65 with a 
body mass index of less than 30 kg/m2. As revealed by 
Speeckaert et al. (14), DBP's alleged causal relationship is 
intriguing. More research is needed into the association 
between COVID-19 and DBP polymorphisms, DBP le-
vels, and total and free 25-hydroxyvitamin D. Batur et al. 
(26), which looked at the connection between vitamin D 
binding protein (DBP) gene polymorphisms and CO-
VID-19 incidence and mortality, piqued our curiosity. 
There was a positive correlation between the GT genotype 
and the prevalence and death rates related to COVID-19, 
while there was a negative correlation between the TT 
genotype and the same factors. There was no evidence that 
the rs4588 polymorphism increased the danger of getting 
sick or dying. The rs7041 and rs452 DBP polymorphisms 
control vitamin D metabolism, and the authors hypothe-
sise that this may explain why susceptibility to and morta-
lity from COVID-19 vary throughout the nations exami-
ned (26,27). Although the TT genotype is less frequent 
than the GG and GT genotypes, previous investigations in 
healthy white premenopausal women have connected it to 
lower plasma 25-hydroxyvitamin D concentrations (11).
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