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ABSTRACT

Background: Severe forms of respiratory failure affect 20% of COVID-19 patients
with a death rate of about 65%. Vitamin D deficiency and vitamin D receptor
polymorphisms, mainly Tagl (rs731236) and Fokl (rs10735810), were associated with
respiratory tract infections. Methods: A prospective study on 90 confirmed PCR-
positive COVID-19 patients was done. Results: Statistically significant lower levels of
250H vitamin D were found in severe to critical COVID-19 and non-survivors than in
mild to moderate patients and survivors (p < 0.001) and with negative correlations with
C-reactive protein, ferritin, procalcitonin, interleukin 6, D-dimer, INR, white blood
cells, neutrophils count, and neutrophils/lymphocytes ratio. Serum 25(0OH) D was
positively correlated with oxygen saturation level, hemoglobin, lymphocyte, and
monocyte counts. Mild to moderate and severe to critical patients showed significant
differences in both Fokl SNP (p = 0.002) and Tagl genotypes (p = 0.010). Fokl
recessive mode might be associated with increased severity, while Tagl dominant mode
of inheritance and the mutant allele (t) might protect against severe forms of COVID-
19. Conclusion: 25 OH D and Fokl recessive mode of inheritance may be associated
with severe forms of COVID-19; however, Taql dominant mode of inheritance and the
mutant allele (t) might protect against COVID-19 severity. It is recommended to apply
similar research on different populations together with studying other VDR
polymorphisms in addition to clinical trials of vitamin D supplementation in order to
generalize these findings.

Introduction

Acute respiratory distress syndrome

19 with a high mortality rate. The percent of
affection of COVID-19 patients with ARDS is high,

(ARDS) is one of the prognostic factors of COVID- about 20% of the hospitalized patients, whether

19 patients that threatens their lives. It usually
precedes the development of multiple organ
dysfunctions that occur in severe forms of COVID-
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intensive care unit (ICU) or non-ICU patients,
although of the great enhancement in ICU strategies,
about 65% of these patients die [1].
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Vitamin D has potent antiproliferative,
prodifferentiating, and immunomodulatory
activities besides its major role in calcium and
phosphate  regulation. 25-hydroxy vitamin D
(25(CH)D) is the useful indicator of vitamin D
nutritional status, as it is the most abundant form in
circulation, and the plasma level of 1,25 dihydroxy
vitamin (1,25(OH):D) depends on many factors
other than nutritional status, mainly renal function,
calcium and phosphate levels, and concentrations of
intact parathyroid hormone (PTH) [2].

The active form of vitamin D
(1,25(OH):D) exerts its effect through different
pathways, either genomic or non-genomic. Vitamin
D receptor VDR mediates the genomic actions of
(1,25(OH):D) through binding to vitamin D-
responsive element (VDRE), thus modulating the
expression of vitamin D-responsive genes [3].

Many organs were found to express the
vitamin D receptor (VDR) on their cells, including
cells of the immune system. The enzyme that may
have an essential role in local production of
1,25(0OH),D (la-hydroxylase (CYP27B1)) is also
found to be expressed in addition to VDR on lung
epithelial cells, antigen-presenting cells, and
monocytes [4]. Thus, the production of cytokines
from these immune cells is thought to be controlled
by the level of 1,25(0OH).D [5].

The induction of ARDS through
lipopolysaccharide (LPS) may get benefits from
vitamin D through its genomic mediation by
decreasing the severe inflammatory response, such
as the decrease of severe cytokine storm, changing
the way of neutrophil action and keeping the
alveolar epithelial barrier intact [6,7]. Thus, the
decreased production of inflammatory cytokines
and chemokines by vitamin D has been reported [8].

Highly expressed levels of 1a-hydroxylase
with lowly expressed levels of 24-hydroxylase.
1,25(OH).D was found in type Il alveolar epithelial
cells (ACII), thus leading to increased local
production of the active form of vitamin D
(1,25(0OH):D) and decreased vitamin D inactivation
[9-11]. This local production of active vitamin D
augments these cells (ACII) in their defense role
against viral attack and replication [9]. In an
experimental model, it was found that
administration of active vitamin D vitiated specific
forms of liposaccharides, inducing lung injury
through inhibition of epithelial lining metaplasia and
apoptosis, adding to the proposed therapeutic role of

vitamin D, especially in severe lung injury [7]. In
addition, active vitamin D also inhibits epithelial
mesenchymal transition (EMT) through reduction of
transforming growth factor B (TGF-B) actions
[7,12].

The genomic pathway of vitamin was
found to play a role in the reduction of SARS-CoV
and SARS-CoV-2 entry into the host cells by
negative regulation of renin-angiotensin system
(RAS), one of the SARS-CoV and SARS-CoV-2
cell surface receptors [13,14]. It was also found to
induce angiotensin-converting enzyme 2 and
decrease the expression of ACE and Ang Il
expression in the LPS-induced lung injury [15].

Vitamin D deficiency is a global health
problem and adds to the health burden of diseases,
such as cancer, immune diseases and infections
particularly the upper respiratory tract infections,
thus vitamin D supplementation has a great role in
decreasing the severity of these diseases [16].
VDR genetic variants were reported to be associated
with viral infection susceptibility [17], diabetes
mellitus [18], risk of developing cancer [19] and
autoimmune diseases [20]. Therefore, the degree of
lung injury and patient outcome in COVID-19 may
be affected by vitamin D status and VDR
polymorphisms.

In addition to vitamin D deficiency's role in
the development and progression of many diseases,
such as type 2 diabetes, cancer, autoimmune
diseases, and other diseases, VDR polymorphisms
have also been found to play a role in these diseases,
particularly Apal (rs7975232), Bsml (rs1544410),
Taql (rs731236), and Fokl (rs10735810) [21]. Also,
these variants were thought to be associated with
increases susceptibility to acute lower respiratory
infections [22,23].

The VDR Fokl polymorphism (C>T
rs2228570) represents one of the VDR coding SNPs
located within exon 2, which changes the primary
sequence of VDR. The absence of this Fokl site
displays the starting codon as (ACG), resulting in
the initiation of the translation at a frame (ATG)
three codons downstream. The mutant allele is
associated with diminishing the efficiency of
vitamin D signaling [24]. The Tagl SNP (T>C
rs731236) resides in the coding region, exon 9, near
the 3' UTR of the gene, which generates no amino
acid alteration. The risk allele of Taql is associated
with lower levels of mMRNA expression as well as
more rapid decay or lower stability of VDR mRNA,
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which results in a reduction of VDR protein with
reduced response to vitamin D [25].

The vitamin D receptor polymorphisms,
mainly Taql (rs731236) and Fokl (rs10735810),
were mostly associated with respiratory tract
infections [26-28].

Data concerning the effect of serum
Vitamin D and VDR polymorphisms (Taql
(rs731236) and Fokl (rs10735810)) as predictors of
COVID-19 severity in Egyptian populations is
insufficient up to date. Thus, the present study aimed
to find the role of serum Vit D and VDR
polymorphisms (Fokl and Taql) as predictors of
COVID-19 severity.

Patients and methods

Design: The study was designed as a prospective
study.
Population and interventions

Ninety confirmed SARS-CoV-2 PCR
positive COVID-19 patients were included in the
present study; they were recruited from Alexandria
University main hospital. Patients with chronic lung
diseases, diabetes mellitus, renal failure, ACE
inhibitors medications, malignancy, and previous
history of chemotherapy and radiotherapy were
excluded from the study.

To all participants, history and clinical
examination were done, including anthropometric
measures and body mass index calculation. In
addition to clinical and CT examinations for
assessing COVID-19 severity. Routine laboratory
analysis was done, including measurement of serum
urea and creatinine levels, serum activities of
aminotransferase enzymes (AST, ALT), and
inflammatory markers (serum levels of CRP and
ferritin), in addition to complete blood picture and
D-dimer assessment. Serum levels of 250H D were
measured using ELISA Kits [29].

Genetic characterization

Genotyping of VDR polymorphisms was
done as follows: DNA extraction was done using
EDTA blood samples from peripheral WBCs using
the QlIAamp® DNA Mini kit (QIAGEN, Cat No.
51304) [30]. The concentration and purity of the
extracted genomic DNA were determined using the
Thermo Scientific NanoDrop™ 1000
Spectrophotometer. Genotyping of VDR gene
polymorphisms Fokl and Tagl (rs2228570 and
rs731236), respectively, was performed using the
pre-designed forward and reverse PCR primers
followed by the allelic discrimination real-time

PCR-SNP genotyping technology with dual labelled
fluorogenic TagMan (MGB) probes. The thermal
cycling conditions and the Fokl (rs2228570) and
Tagl (rs731236) SBPs genotyping according to the
fluorescence signals are shown in table (1) and
(figure 1), respectively.

Ethical considerations

Approval of the Ethical Committee of the
Medical Research Institute and Alexandria Main
Hospital was  taken  (approval  number
IORG0008812), and written consent from all
participants was obtained.

Statistical analysis

SPSS program version 20 was used for
statistical analysis. The normality of the quantitative
data was tested using the Kolmogorov-Smirnov test.
The qualitative variables were summarized by
frequency and percentage. Student's t-test. A y2 test
was used to test the statistically significant
differences of qualitative variables between the
studied groups. For quantitative data, Mann—
Whitney for comparing two groups and comparison
between more than two groups was done using the
Kruskal-Walli’s test, and for correlation studies
between quantitative variables, the Spearman’s
correlation test was used. P-value of less than or
equal to 0.05 was considered significant for all
comparisons. Genotype-specific odds ratios (ORS)
were computed using logistic regression analysis
under codominant, dominant, and recessive genetic
models. Other appropriate statistical tests were used
whenever indicated.

Results

Upon applying the NIH guidelines of
COVID-19 clinical picture, the participants were
classified into 40 participants with mild to moderate
clinical picture and 50 patients with severe to critical
clinical picture. The two studied groups were sex
matched; however, severe to critically ill patients
were significantly older in age (53.36 + 13.24 years)
than mild to moderately ill patients (40.28 £ 15.51
years) (p < 0.001).

The severe to critically ill patients had
significantly lower levels of serum 250HD (9.08 £
2.74 ng/ml) than mild to moderately ill patients
(14.79 £ 3.43 ng/ml) (p < 0.001). Also, a higher
frequency of 250HD deficiency (90%) with
significant differences than the mild to moderately
ill patient group (p < 0.001). Upon follow-up of the
cases, the non-survivors were found to have
significantly lower levels of 25-hydroxyvitamin D
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(8.50 + 2.53 ng/ml) than COVID-19 survivors
(12.82 + 4.07 ng/ml) (p<0.001) (Table 2) (Figure
2).

Negative significant correlations were
found between serum 25-hydroxyvitamin D level
and other studied parameters including age (r= -
0.580, p<0.001) , serum levels of urea (r=-0.304,
p= 0.004), AST (r= - 0.363, p<0.001), ALT (r=
0.343,p=0.001), lactate dehydrogenase (r=-0.246,
p=0.019), as well as negative significant
correlations with serum levels of C-reactive protein
(r= -0.561, p<0.001), ferritin (r= -0.507,
p<0.001), procalcitonin (r= -0.421,
p<0.001), interleukin 6 (r= -0.626,
p<0.001), and negative significant correlations
with plasma levels of D-dimer (r= -0.671,
p<0.001), in addition to negative significant
correlations with INR (r=-0.333, p=0.001), white
blood cells (r=-0.381, p<0.001), neutrophils counts
(r=-0.505, p<0.001) and neutrophils/lymphocytes
ratio (r=-0.624, p<0.001) (Table 3).

The 25-hydroxyvitamin D had positive,
significant correlations with oxygen saturation level
(r = 0.638, p < 0.001), hemoglobin (r = 0.244, p =
0.02), lymphocytic count (r = 0.518, p < 0.001), and
monocytic count (r= 0.381, p < 0.001) (Table 3).

The observed genotype frequency of Fokl
and Tagl single nucleotide polymorphisms was in
consistency with Hardy-Weinberg equilibrium of
the population (p = 0.874) and (p = 0.072),
respectively.

Significant  differences were found
between the mild to moderate patients and severe to
critical patients regarding the frequency of the Fokl
SNP (p = 0.002). The higher frequency was found
of the mutant homogenous (ff) genotype in the
severe to critical group (18%) than the mild to
moderate group (2.5%) with no statistical
significance; however, the odds ratio was an OR =
4.667, 95% CI (0.536-40.647), indicating a great
association between the mutant (ff) genotype and
the severity of COVID-19. The allele frequency of
the Fokl gene, both F and f alleles, did not vary
significantly between both studied groups (Table 4).

On assuming a dominant mode of
inheritance of Fokl genotypes, where subjects with
mutant homozygous and heterozygous (ff) and (Ff)
genotypes were compared to subjects with the wild
homozygous genotype (FF), there were no
significant differences between the studied COVID-
19 groups. While, on assuming a recessive mode of

inheritance, where subjects with the homo-mutant
(ff) genotype were compared to wild homozygous
and heterozygous (FF+ Ff) genotypes, there was a
significant difference between the mild to moderate
and severe to critical COVID-19 patients (p = 0.046)
with an (OR = 8.561), 95% CI (1.036-70.753),
indicating increased association between the
recessive (ff) genotype and increased risk of severity
in COVID-19 patients. And on assuming the
additive mode of inheritance, where patients with
the wild homozygous genotype (FF) were given the
lowest value of (0), those with the heterozygous
genotype (Ff) were given the value of (1), and
finally patients with the mutant homozygous
genotype (ff) were given the highest value of (2). No
significant difference was observed between
patients with mild to moderate and patients with
severe to critical clinical pictures (Table 4).

Significant  differences were found
between the mild to moderate patients and severe to
critical patients regarding the frequency of Tagql
genotypes (p = 0.010). The higher frequency was
found of the mutant homogenous (tt) genotype in the
mild to moderate group (17.5%) than the severe to
critical group (14.0%) with no statistical
significance. The odds ratio was an OR = 0.211,
95% CI (0.047-0.947), with no association found.
The heterozygous genotype (Tt) also did not show
any significant differences between both patient
groups, although it was higher in the mild to
moderate group (72.5%) than in the other group
(48%). Regarding the Taql allele frequencies, the
mutant (t) showed significant differences between
both groups (p = 0.035). Also, the (t) allele was
lower (38%) than the wild (T) allele (62%) in the
severely ill group (Table 4).

On assuming a dominant mode of
inheritance, when the subjects with heterozygous
genotype (Tt) and mutant homozygous genotype (tt)
were compared to the wild homozygous genotype
(TT), there was a significant difference between
mild to moderate and the severe to critical patients
(p=0.005). Regarding the recessive mode of
inheritance, where the exposed group is subjected
only to the mutant homozygous (tt) genotype, there
was no observed significant difference between both
studied patient groups, while the additive mode
showed a significant difference of (p=0.023) (Table
4). No associations were found between both Fokl
and Tagl genotypes and the outcome of COVID-19
patients.



Eldeeb MK etal/ Microbes and Infectious Diseases 2025; 6(2): 455-474

459

Serum levels of 250H vitamin showed
significantly lower levels in patients with the mutant
homozygous (ff) genotype (9.19 + 1.94 ng/ml) than
other Fokl genotypes (p = 0.001).

When comparing the parameters studied
with respect to VDR (Fokl and Taql) genotypes,
there was a statistically significant difference in the
mean serum. 25-hydroxyvitamin D level (ng/ml)
between the studied Fokl SNP genotypes (p =
0.001). The mutant homozygous (ff) genotype was
associated with the lowest mean value of serum 25-
hydroxyvitamin D (9.19 = 1.94 ng/ml). Post hoc
tests for exact group differences revealed
differences in the serum levels of 250Hd between
the wild genotype (FF) and the heterozygous
genotype (Ff) (p = 0.004) as well as between the
mutant genotype (ff) and the heterozygous genotype
(Ff) (p =0.009). The serum levels of 250HD did not
show significant differences between Tagl
genotypes. The post hoc statistical test showed
significant differences between the TT and Tt
genotypes (p = 0.035) ( Table 5) (Figure 2).

Significant  differences were found
between Fokl genotypes and other studied
parameters, including oxygen saturation (p = 0.014)
with post hoc significant differences between (FF)
and (Ff) genotypes (p = 0.014), serum CRP (p =
0.043) with post hoc significant differences between
(Ff) and (ff) genotypes (p = 0.016), interleukin 6 (p
= 0.021) with post hoc significant differences
between (Ff) and (ff) genotypes (p = 0.009), and
plasma D-dimer (p = 0.005) with post hoc

significant differences between (FF) and (Ff) as
well as between (ff) and (Ff) genotypes (p = 0.007)
and (p = 0.009), respectively ( Table 5).

Significant  differences were found
between Tagl genotypes in the serum levels of I1L-6
(p = 0.043), with post hoc showing significant
differences between (TT) and (Tt) genotypes (p =
0.012) ( Table 5).

The univariate logistic regression model
for prediction of COVID-19 severity revealed a
significant protective effect of increased serum 25-
hydroxyvitamin D level. (OR=0.497, p <0.001) and
Tagl dominant mode of inheritance (OR=0.181,
p=0.005), while increased serum interleukin-6 level
(OR= 1.301, p=0.001) and plasma D-dimer level
(OR = 1.009, p < 0.001) in addition to Fokl SNP
recessive mode of inheritance (OR = 8.561, p =
0.046), as well as low lymphocytic count (<1.5
(x10%ul), (OR = 5911, p < 0.001), showed an
increased risk for COVID-19 severity. The
multivariate logistic regression model for prediction
of COVID-19 severity was statistically significant
(x2 = 109.059, p < 0.001); the model explains (94%)
of COVID-19 severity (Nagelkerke R Square =
0.947). The only predictors were serum 25-
hydroxyvitamin D level (ng/ml) (OR=0.294,
p=0.032) and plasma D-dimer level (OR=1.013,
p=0.038), while the remaining predictors showed no
statistically significant effect (Table 6).
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Table 1. The thermal cycling conditions and the Fokl (rs2228570) and Taql (rs731236) single nucleotide
polymorphisms genotyping according to the fluorescence signals.

The thermal cycling conditions.

Step AmpliTaq Gold Enzyme PCR (40 Cycles)

Activation Denature Anneal/Extend
Temperature 95°C 95 °C 60 °C
Time Hold for 10 minutes 15 sec 1 min

The Fokl (rs2228570) single nucleotide polymorphism genotyping according to the fluorescence signals

A substantial increase in Indicates Genotyping

Homozygosity for C allele (wild
FAM - dye fluorescence only (FAM / FAM) CC/ FF
homozygous genotype)

Homozygosity for T allele (mutant
VIC - dye fluorescence only (VIC / VIC) TT/ ff
homozygous genotype)

Both FAM- and VIC- dyes fluorescence

allele C - allele T (heterozygosit CT/ Ff
(FAM/ VIC) ( ygosity)

The Taql (rs731236) single nucleotide polymorphism genotyping according to the fluorescence signals

A substantial increase in Indicates Genotyping

Homozygosity for A allele (wild
VIC - dye fluorescence only (VIC / VIC) TT/TT
homozygous genotype)

Homozygosity for G allele (mutant
FAM - dye fluorescence only (FAM / FAM) CC/ tt
homozygous genotype)

Both FAM - and VIC -dyes fluorescence

allele C - allele T (heterozygosit CT/ Tt
(FAM/ VIC) ( Ygosity)

Table 2. Serum 25-hydroxyvitamin D level in the studied groups

L Mild/Moderate Severe/ Critical
25-hydroxyvitamin D ) )
COVID-19 patients COVID-19 patients Test of
level (ng/ml) . P
(n=40) (n=50) Sig.
No. % No. %
Severe deficiency (<12 ng/ml) 7 175 | 45 90.0 ) e
Deficiency (12— <20 ng/ml) 29 725 |5 00 | ©° P
50.970 <0.001*
Sufficiency (=20 ng/ml) 4 10.0 0 0.0
Min. — Max. 6.40 — 21.60 1.50 - 13.90 t=
<0.001*
Mean + SD. 14,79+ 3.43 9.08 £2.74 8.782"
Patients’ outcome
25-hydroxyvitamin D level (ng/ml) | Non-survivors patients | Survivors patients t p
(n=25) (n=65)
Mean £ SD. 8.50 +£2.53 12.82 +£4.07 .
) ) 6.040 <0.001*
Median (Min. — Max.) 9.30 (1.50 - 12.0) 12.30 (3.80 — 21.60)
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Table 3. Correlation between serum 25-hydroxyvitamin D level and different parameters in all studied patients

Total
25-hydroxyvitamin D level (ng/ml) vs. (n=90)

r p
Age (years) -0.580 <0.001"
Oxygen saturation (%o) 0.638 <0.001"
Urea (mg/dl) -0.304 0.004"
Creatinine (mg/dl) 0.002 0.984
Aspartate aminotransferase (U/L) -0.363 <0.001"
Alanine aminotransferase (U/L) -0.343 0.001"
Lactate dehydrogenase (U/L) -0.246 0.019"
C-reactive protein (mg/L) -0.561 <0.001"
Ferritin (ng/ml) -0.507 <0.001"
Procalcitonin (ng/ml) -0.421 <0.001"
Interleukin 6 (pg/ml) -0.626 <0.001"
International normalized ratio -0.333 0.001"
D-dimer (ng/ml) -0.671 <0.001"
Hemoglobin (g/dl) 0.244 0.020"
Platelets (x103%/ul) 0.183 0.084
White blood cells (x10%/pl) -0.381 <0.001"
Lymphocytes (x10%/pl) 0.518 <0.001"
Neutrophils (x10%/pl) -0.505 <0.001"
Neutrophils/ lymphocytes ratio -0.624 <0.001"
Monocytes (x103/pl) 0.381 <0.001"
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Table 4. Vitamin D receptor polymorphisms Fokl and Taql and their mode of inheritance in the COVID-19
patients studied.

Fokl polymorphism significant differences in COVID — 19 Patient groups

Mild/moderate COVID-19

Severe/critical COVID-19

Fokl SNP patients patients X po OR (95% C.I)
(n =40) (n =50)
No. % No. %
Genotype
12.670"
FF 14 35.0 27 54.0 (0.002) 1.000
Ff 25 62.5 14 28.0 0.008" 0.290 (0.116 — 0.728)
Ff 1 2.5 9 18.0 0.163 4.667(0.536 — 40.647)
Allele
0.062
F 53 66.2 68 68.0 (0.802) 1.000
F 27 33.8 32 32.0 0.804 0.924 (0.494 —1.727)
Fokl polymorphism mode of inheritance in COVID — 19 Patient groups
Mild/Moderate COVID- Severe/ Critical COVID-19
Fokl SNP 19 patients patients p OR (95% C.I)
(n =40) (n =50)
No. % No. %
Dominant
FF 14 35.0 27 54.0 1.000
Ff + ff 26 65.0 23 46.0 0.074 0.459 (0.195 - 1.079)
Recessive
FF+ Ff 39 97.5 41 82.0
Ff 1 2.5 9 18.0 0.046* 8.561 (1.036 — 70.753)
Additive
FF 14 35.0 27 54.0
Ff 25 62.5 14 28.0 0.805 0925 (0497 - 1.721)
Ff 1 2.5 9 18.0
Tagl polymorphism significant differences in COVID — 19 Patient groups
Mild/moderate COVID-19 | Severe/critical COVID-19
patients (n = 40)) patients (n = 50) 5 Po OR (95% C.I)
Taql SNP No. % No. %
Genotype 1.000
TT 4 10.0 19 38.0 9.257
Tt 29 72.5 24 48.0 (0.010) 0.005" 0.174 (0.052 - 0.582)
Tt 7 175 7 14.0 0.042" 0.211 (0.047 — 0.947)
Allele
T 37 46.3 62 62.0 ?043355) 1.000
T 43 53.8 38 38.0 0.036" 0.527 (0.290 — 0.958)
Taql polymorphism mode of inheritance in COVID — 19 Patient groups
Mild/Moderate COVID- Severe/ Critical COVID-19
Taql SNP 19 patients (n = 40) patients (n = 50) P OR (95% C.1)
No. % No. %
Dominant 1.00
0.005" 0.181 (0.056 — 0.590)
TT 4 10.0 19 38.0
Tt+ tt 36 90.0 31 62.0
Recessive 1.000 0.767 (0.245 — 2.404)
TT+ Tt 33 82.5 43 86.0 0.650
Tt 7 175 7 14.0
Additive 0.437 (0.215 - 0.891)
TT 4 10.0 19 38.0 -
Tt 29 72.5 24 48.0 0.023
Tt 7 175 7 14.0
[12: Chi square test OR: Odds ratio *: Statistically significant at p < 0.05

CI: Confidence interval p0: p value for OR n: number of patients
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Table 5. Significance difference of 25-hydroxyvitamin D and some parameters studied in COVID-19 patients
regarding vitamin D receptor polymorphisms (Fokl and Tagl).

Significance difference of 25-hydroxyvitamin D in COVID-19 patients regarding Vitamin D receptor
polymorphisms (Fokl and Tagl)

N 25-hydroxyvitamin D (ng/ml) F Pairwise
Min. — Max. Mean + SD. Median ()

Fokl
FF 41 1.50 - 21.60 10.53 + 4.27 10.90 7 496" p FF vs. Ff = 0.004*
Ff 39 6.30 — 20.60 13.38 + 3.84 13.90 ((') 001%) p FF vs. ff =0.594
ff 10 (6.30-11.80 9.19+1.94 9.20 ' p Ff vs. ff = 0.009*
Taql
TT 23 |3.50-20.10 9.80+4.18 9.30 3.210" pTT vs. Tt =0.035*
Tt 53 1.50 - 21.60 12.38 + 4.05 12.0 ((') 0457 pTT vs. tt =0.350
tt 14 |450-17.50 11.72 +4.01 11.45 ' p Ttvs. tt =0.855

Significance difference of some of the parameters studied in COVID-19 patients regarding Vitamin D
receptor polymorphisms (Fokl and Taqgl)

Genotype of Fokl SNP
FF Ff ff Test of
(n = 41) (n = 39) (n = 10) Sig. P
Oxygen saturation (%)
Min. — Max. 40.0-99.0 40.0-98.0 40.0-97.0 F= .
" 0.014
Mean = SD. 72.29 + 22.40 85.49 + 18.98 73.10 + 17.06 4.497
Sig. bet. categories p1=0.014",p,= 0.993,ps=0.208
C-reactive protein
(mg/L)
Min. — Max. 0.70-118.0 1.30-102.0 1.40-151.0 = .
- « 0.043
Median 48.0 20.10 72.0 6.272
Sig. bet. categories p1=0.152,p,=0.131,p3=0.016"
Interleukin-6 (pg/ml)
Min. — Max. 1.10-310.0 1.20-215.0 2.90 - 180.0 = 0.021*
Median 26.0 4.90 51.0 7.688" '
Sig. bet. categories p1=0.080,p,=0.132,p5=0.009"
D-dimer (ng/ml)
Min. — Max. 90.0 — 2300.0 88.0 — 2000.0 204.0 — 2000.0 H= 0.005"
Median 800.0 224.0 1250.0 10.542" '
Sig. bet. categories p1=0.007",p,=0.358,p3=0.009"
p: p value for comparing genotype of FOKI and different parameters
p1: p value for comparing between FF and Ff p2: p value for comparing between FF and ff
ps: p value for comparing between Ff and ff
Genotypes of Taql SNP
Interleukin-6 (pg/ml) T Tt m ;
(n = 23) (n = 53) (n = 14) P
Min. — Max. 1.40 - 310.0 1.10 - 215.0 1.50 — 180.0 . .
Median 43.0 6.70 27.55 6286 0.043

Sig. bet. categories

p1=0.012",p,=0.179,p3=0.572

p: p value for comparing genotype of Tagl and different parameters
pi1: p value for comparing between TT and Tt
p2: p value for comparing between TT and tt
ps: p value for comparing between Tt and tt

x% Chi square test

FE: Fisher Exact *: Statistically significant at p <0.05 n: number of patients

H: H for Kruskal Wallis test, Pair wise comparison between each 2 groups was done using Post Hoc Test (Dunn's for multiple comparisons

test)

F: F for One way ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey’s)
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Table 6. Univariate and multivariate logistic regression analysis for some studied parameters affecting COVID-
19 severity in all studied patients (n= 50 severe/critical patients vs. 40 mild/moderate patients)

Univariate #“Multivariate
p OR (95%C.1I) p OR (95%C.1I)

25-hydroxyvitamin D level . .

<0.001 0.497 (0.369 — 0.670) 0.032 0.294 (0.096 — 0.897)
(ng/ml)
Fokl SNP recessive mode of .
) ) 0.046 8.561 (1.036 — 70.753) 0.935 0.161 (0.0 — 2E+018)
inheritance (ff)
Tagl SNP dominant mode of .
. . 0.005 0.181 (0.056 — 0.590) 0.159 0.005 (0.000 — 7.945)
inheritance (TT + Tt)
Age (years) <0.001" 1.065 (1.030 —1.102) 0.074 1.167 (0.985 — 1.382)
Interleukin 6 level (pg/ml) 0.001" 1.301 (1.112 - 1.523) 0.069 1.209 (0.986 — 1.484)
D-dimer level (ng/ml) <0.001" 1.009 (1.004 - 1.014) 0.038" 1.013 (1.001 - 1.025)
Lymphocytes count
>1.5 (x103/pl) 1.000 1.000
<1.5 (x10%/pl) <0.001" 5.911 (2.368 — 14.758) 0.939 1.185 (0.015 - 93.343)

OR: Odd’s ratio C.I: Confidence interval *: Statistically significant at p < 0.05 n: number of patients

Nagelkerke R Square= (0.947), Chi-square Model (}*= 109.059, p<0.001")

Figure 1. the Fokl (rs2228570) and Taqgl (rs731236) single nucleotide polymorphisms genotyping according to

the fluorescence signals

G

Amplification plot curve of wild allele “F” of
FokI single nucleotide polymorphism
(rs2228570)

Amplification plot curve of mutant allele “f° of
F okl single nucleotide polymorphism

(rs2228570).

Amplification plot curve of mutant allele “T™ of
Taql single nucleotide polymorphism (1s731236).

Amplification plot curve of mutant allele “t"of
T aql single nucleotide polymorphism (rs731236).

Cwete




Eldeeb MK etal/ Microbes and Infectious Diseases 2025; 6(2): 455-474

465

Figure 2. Serum 25 (OH) vitamin D level in relation to COVID-19 severity and Fokl& Tagl polymorphisms in

the studied patients.
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Discussion

The role of serum vitamin D and VDR
polymorphisms (Fokl and Tagl) as predictors of
COVID-19 severity was studied in the present
research.

Severe acute respiratory  syndrome
coronavirus 2 (SARS-CoV-2) is a new member of
the beta coronavirus genus [31]. People infected
with SARS-CoV-2 have reached over 500 million
people, with more than 6 million deaths worldwide
[32].

Coronavirus disease-2019 showed a wide
range of clinical presentations with generalized
organ affection [33]. Severe COVID-19 usually
presents with ARDS, a life-threatening condition
that occurs as a result of severe rises in plasma levels
of pro-inflammatory cytokines and chemokines,
resulting in severe lung injury in addition to
microthrombi formation [34].

Many mechanisms may be involved in the
pathogenesis of SARS-CoV-2 multi-organ injury,
through direct viral toxicity, disturbance of the
immune regulatory system response, endothelial
cell damage, and thromboinflammation, as well as

dysregulation of the renin—angiotensin system
(RAS) [35].

Vitamin D is a hormone that mainly plays
a core role in the maintenance of bone as well as
calcium and phosphorus metabolism; in addition, it
has a wide spectrum of immunomodulatory, anti-
inflammatory, and antioxidant actions [36].
Increased risk of infection has been linked to
vitamin D deficiency, and clinical studies of vitamin
D supplementation were found to decrease this risk
[16]. Respiratory tract infection, mainly viral
infection, has been associated with several VDR
genetic variants [17]. VDR polymorphisms Tag|
(rs731236) and Fokl (rs10735810) were mostly
associated with respiratory tract infections. [26-28]

Qin et al., 2020 [37], reported no gender
difference between severe and non-severe COVID-
19 patients, similar to the current results. Severe
COVID-19 patients were significantly older than
non-severe patients, which may be attributed to the
gradual diminution of cilia and ciliated cells in the
respiratory tract, in addition to the disruption of
innate and adaptive responses as well as the
continual ~ production  of  pro-inflammatory
cytokines, which have severe responses, particularly
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in the elder populations, that could potentially
trigger inflammatory pathogenesis [38].

The higher mortality frequency in severely
ill COVID-19 patients than in mild to moderate
patients (p < 0.001) was also reported by Yang X.
2020, Weiss P. 2020 [39,40].

The 25-hydroxy vitamin D represents the
major circulating form of vitamin D, which makes it
the useful indicator of vitamin D nutritional status.
[41,42] The 1,25(0OH):D level has a shorter half-life
(15 hours) than 25(0OH)D (15 days) [43,44]. and
depends on many factors other than nutritional
status, mainly calcium and phosphate levels, renal
function, and parathyroid hormone.[2]

In accordance with the current study,
Campi et al. 2021 [45] found that patients with
severe COVID-19 and non-survivors had a
significantly lower 25-hydroxyvitamin D level than
patients with mild COVID-19 and survivors. A
significant  association between vitamin D
deficiency and severity of illness in patients with
COVID-19 was reported by Al Kiyumi et al. 2021
and Kaya et al. 2021 systematic reviews [46,47].
Chiodini et al. 2021 [48] demonstrated that severe
vitamin D deficiency was associated with increased
intensive care unit (ICU) admissions in severely ill
COVID-19 patients.

Vitamin D deficiency was significantly
associated with COVID-19 infection severity and
mortality in different populations.

In many other populations, the association
between vitamin D deficiency and COVID-19
severity and mortality was also reported. In Nordic
countries, the low mortality rate was an exception
regarding poorer outcomes in more northerly
latitudes, which may be attributed to widespread
vitamin D fortification of foods. In addition, more
people with dark skin are less likely to have vitamin
D deficiency [49].

The 1,25(OH):D has an
immunomodulatory role through targeting various
immune cells of innate and adaptive immune
responses. It can induce monocyte differentiation
into macrophages with enhanced phagocytic and
chemotactic capacity [50] , inhibit dendritic cells
(DCs) differentiation and maturation [51] , and
induce antimicrobial gene expression [52] as well
as redox homeostasis [53,54].

Vitamin D supplementation was found to
increase T regulatory cells (Tregs) [55] and decrease
Th17 cells. [56] Additionally, it stimulates the

synthesis of surfactant by alveolar type-I1 cells, thus
reducing the alveolar capillary damage [57,58] and
may aid in the prevention of respiratory failure risk
in COVID-19 patients [59,60].

Other studies [27,61,62] reported no
association between decreased vitamin D and
COVID-19 severity or mortality. Cereda et al. 2021
[61] reported that 25-hydroxyvitamin D deficiency
was not associated with COVID-19 clinical features
and outcomes in addition to a significant positive
association between increasing 25-hydroxyvitamin
D level and in-hospital mortality, which was
justified by sample size as well as predominant
patients with severe clinical picture and vitamin D
deficiency in their study.

A negative correlation was found between
age and vitamin D level [63]. This could be
explained by  decreased  cutaneous  7-
dehydrocholesterol and response to UV radiation
with aging leading to decrease in pre-vitamin D
production [2].

In accordance with the current study, a
meta-analysis study reported higher levels of
interleukin-6, C-reactive protein, ferritin, and D-
dimer levels, as well as lactate dehydrogenase
activity, in COVID-19 patients with vitamin D
deficiency. [64] Another study found an inverse
correlation between 25-hydroxyvitamin D and high
CRP levels in COVID-19 patients; in addition,
severe vitamin D deficiency correction was
associated with decreased C-reactive protein level
[65].

Hernandez et al. 2021 and Demir et al.
2021 [66,67] reported a significant negative
correlation between 25-hydroxyvitamin D with
ferritin and D-dimer levels in COVID-19 patients.

Two cross-sectional studies reported
negative significant correlations between serum 25-
hydroxyvitamin D level with C-reactive protein
level and neutrophils/lymphocytes ratio in
hemodialysis patients [68,69]. Another study by
Akbas et al. 2016 [70] reported a negative
significant correlation of neutrophils/lymphocytes
ratio with 25-hydroxyvitamin D level. Skaaby et al.
2014 [71] reported a higher risk of increasing
alanine and aspartate aminotransferase activities in
patients with lower vitamin D levels, but it didn’t
show a statistical significance.

The negative correlation between 25-
hydroxyvitamin D and inflammatory markers may



Eldeeb MK etal/ Microbes and Infectious Diseases 2025; 6(2): 455-474

467

be consistent with the anti-inflammatory effects of
vitamin D [72].

The active vitamin D (1,25(0OH).D) was
found to inhibit the production of pro-inflammatory
cytokines such as IL-6, IFNy, IL-17, and IL-21 and
increase the production of anti-inflammatory
cytokines such as I1L-10, thus vitamin D is thought
to have thromboinflammatory-improving power
[73]. Thus, vitamin D may decrease the risk of
intravascular coagulopathy and improve lung
oxygenation of COVID-19 patients [74, 67].

In contrast to the current study, Apaydin et
al. 2022 [27] found no correlation between
inflammatory markers and 25-hydroxyvitamin D in
patients with COVID-19.

Another study found no correlation
between 25-hydroxyvitamin D with age, interleukin
6, and high-sensitivity C-reactive protein levels, as
well as white blood cell count in patients with
chronic kidney disease, which was explained by the
association of inflammatory markers to other
conditions such as malnutrition and cachexia in
vitamin D-deficient patients [75].

Vitamin D receptor gene polymorphisms
can result in a dysfunctional VDR, which may affect
the vitamin D genomic pathway, thus affecting both
vitamin D-mediated innate and adaptive immune
responses [27].

The current work showed that the observed
genotype frequency of Fokl (rs2228570) and Tagql
(rs731236) SNPs among studied patients was in
agreement with Hardy-Weinberg equilibrium.

In the present study, there was a
statistically significant difference between mild to
moderate and severe to critical COVID-19 patients
regarding Fokl SNP (p = 0.002). The mutant
genotype (ff) showed a higher frequency (18%) in
severely critical than mild to moderate (2.5%)
COVID-19 patient groups, with an increased risk of
COVID-19 severity as a great association was found
by the ODDs ratio. (OR = 4.667), 95% CI (0.536—
40.647); however, it did not show a statistical
significance (p = 0.163). Also on assessing the effect
of mode of inheritance on the degree of COVID-19
severity, the recessive mode of inheritance, where
the mutant homozygous (ff) genotype was compared
to wild homozygous and heterozygous (FF + Ff)
genotypes, showed a significant difference between
severely ill and mild COVID-19 patients (p =
0.046), with increased risk of COVID-19 severity
(OR =8.561), 95% CI (1.036-70.753).

A meta-analysis study reported an
association between the Fokl SNP and susceptibility
to enveloped virus infection on assuming a recessive
mode of inheritance. An association between the
Fokl SNP recessive mode of inheritance and
respiratory syncytial virus was also found [17]. In
addition, Chen et al. 2013 [76] reported that the
recessive mode of inheritance of Fokl SNP was
associated with an increased risk of tuberculosis.

It was found that the wild F-allele showed
a higher VDR transcription activity by 1.7-fold than
the f-allele, assuming that the mutant f-allele is
associated with diminished efficient signaling of
vitamin D/VDR binding, thus impairing the
expression of vitamin D-responsive genes [24].
Moreover, Fokl polymorphism may increase the
expression of IL-12 mRNA and protein by
monocytes and DCs, particularly in response to the
short F-allele [77].

In the present study, the non-significant
distribution of Fokl alleles (F&f) between mild to
moderate and severe to critical COVID-19 patients
(p = 0.804) may be attributed to the population’s
genetic predilection, as a lower frequency of the
Fokl f-allele was found in the African population
when compared to Asians [17].

In contrast, Zacharioudaki et al. 2021
[78] found no significant association of Fokl single
nucleotide polymorphism and viral infection, which
may be attributed to the small sample size.

The Tagl genotypes were found to be
significantly different between the two studied
groups (p = 0.010), with a higher frequency of the
homogenous (tt) and the heterogenous (Tt)
genotypes in the mild to moderate than the severely
il COVID-19 patients (17.5% and 72.5%,
respectively), with a higher significant difference
regarding the mutant (t) allele in the mild COVID-
19 patients (p = 0.035), suggesting a protective
effect against COVID-19 severity. In addition to the
significant difference in assuming the dominant and
the additive mode of inheritance (p = 0.005) (p =
0.023), respectively.

In accordance with the present work,
Apaydin et al. 2022 [27] found that the Taql wild
homozygous (TT) genotype showed a poor
prognosis for admission to ICU, and the
heterozygous (Tt) genotype was protective in
COVID-19 patients. The mutant (t) all was assumed
to have a protective role against tuberculosis in
Africans and other populations [79]. Also, the more
stable and longer half-life of the (t) allele than the
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wild allele results in higher expression of VDR
protein and better vitamin D/VDR binding and
response [80].

Contrarily, no associations were found
between Tagl SNP alleles or genotypes and severe
respiratory syncytial virus (RSV) bronchiolitis in a
meta-analysis conducted by McNally et al. in 2014,
most probably due to the small number of research
studies included in the study [81].

The significant difference in 250H vitamin
D levels between the Fokl genotypes (p=0.001),
with the lowest level being found in the (ff)
genotype, together with the added results of the post
hoc test. In addition to the significant difference in
250H D between Taql genotypes (p=0.045), where
the lowest level was found in the (TT) genotype
together with added value of the post hoc test. May
suggest the associations between vitamin D
deficiency and VDR (Fokl and Taql)
polymorphisms.

A study by Hamed et al. 2013 [82]
reported that Fokl polymorphism was associated
with vitamin D deficiency in type 1 diabetics.
Another study demonstrated that more frequent
vitamin D deficiency was observed with Fokl
mutant homozygous (ff) and heterozygous
genotypes (Ff) than wild homozygous genotype
(FF) in coronary artery disease patients. [83]
Bhanushali et al. (2009) also reported strong
associations between low vitamin D levels with
Tagl SNP but not Foql SNP [84].

In contrast, Hassan et al. 2019 [85]
reported no significant difference in serum vitamin
D levels between various genotypes of Fokl and
Tagl SNPs among patients with vitiligo. This
suggests that the mechanism of variation of vitamin
D levels in relation to VDR polymorphisms is still
unknown [85].

Conclusion

The current study findings suggested that
vitamin D deficiency may predispose to more severe
presentation of COVID-19, Fokl recessive mode of
inheritance (ff versus FF+ Ff) may be associated
with increased risk for COVID-19 severity, Taqgl
dominant mode of inheritance (Tt + tt versus TT)
and the mutant allele (t) might protect against
COVID-19 severity, Thus Vitamin D deficiency and
VDR polymorphisms (Fokl & Taql) may be used as
predictors of COVID-19 severity. Further studies
are needed to confirm these findings.

Recommendations

It is recommended to apply similar
research on different populations together with
studying other VDR polymorphisms in addition to
clinical trials of vitamin D supplementation in order
to generalize these findings.

Competing interests’ statement

All authors declare no conflict of interest in
this study with any business relationships

Financial disclosure: None to be declared.
References

1. Chen N, Zhou M, Dong X, Qu J, Gong F,
Han Y. Epidemiological and clinical
characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 2020;
395(10223):507- 513.

2. Holick MF. Vitamin D deficiency. The New
England journal of medicine 2007;357(3):
266-281.

3. Pike JW, Meyer MB. The vitamin D receptor:
new paradigms for the regulation of gene
expression by 1,25-dihydroxyvitamin D(3).
Endocrinology and Metabolism Clinics of
North America 2010; 39(2): 255-2609.

4. Hansdottir S, Monick MM , Hinde SL,
Lovan N, Look DC , Hunninghake GW.
Respiratory epithelial cells convert inactive
vitamin D to its active form: potential effects
on host defense. The Journal of immunology
2008;181(10):7090-7099.

5. Bouillon R, Marcocci C, Carmeliet G, Bikle
D, White JH, Dawson-Hughes B, et al.
Skeletal and Extraskeletal Actions of Vitamin
D: Current Evidence and Outstanding
Questions. Endocrine reviews

2019;40(4):1109-1151.
6. Xu J, Yang J, Chen J, Luo Q, Zhang Q ,
Zhang H.  Vitamin D

lipopolysaccharide induced acute lung injury

alleviates

via regulation of the reninangiotensin system.



Eldeeb MK etal/ Microbes and Infectious Diseases 2025; 6(2): 455-474

469

10.

11.

12.

13.

14,

Molecular medicine reports 2017;16(5):7432-
7438.

Zheng S, Yang J, Hu X, Li M, Wang Q,
Dancer RCA, et al. Vitamin D attenuates lung
injury via stimulating epithelial repair,
reducing epithelial cell apoptosis and inhibits
TGF-beta induced epithelial to mesenchymal
transition. Biochemical
2020;177:113955.
Rafique A, Rejnmark L, Heickendorff ,
Moller HJ. 25(0OH)D3 and 1.25(0OH)2D3

inhibits TNF-alpha expression

pharmacology

in human
monocyte derived macrophages. PloS one
2019;14(4):e0215383.

ZhouF,YuT,DuR, FanG, LiuY, Liu Z, et
al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study.
Lancet 2020;395(10229):1054-1062.
Hansdottir S, Monick MM, Lovan N,
Powers L, Gerke A . Hunninghake GW.
Vitamin D decreases respiratory syncytial
NF-kappaB-linked

cytokines in

virus  induction  of

chemokines and airway
epithelium while maintaining the antiviral
state.  The Journal of
2010;184(2):965-974.

Chen H, Lu R, Zhang YG, Sun J. Vitamin D

Receptor Deletion Leads to the Destruction of

immunology

Tight and Adherens Junctions in Lungs. Tissue
Barriers 2018; 6(4):1-13.

Fischer KD, Li Agrawal DK. Vitamin D
TGF-B
mesenchymal transition. Respiratory Research
2014;15(1):146.

Li F. Receptor recognition and cross-species

regulating induced epithelial-

infections of SARS coronavirus. Antiviral
research 2013;100(1):246-254.
Xu X, Chen P, Wang J, Feng J, Zhou H, Li

X, et al. Evolution of the novel coronavirus

15.

16.

17.

18.

19.

from the ongoing Wuhan outbreak and
modeling of its spike protein for risk of human
transmission. Science China. Life sciences
2020; 63(3):457-460.

Chen LN, Yang, XH, Nissen DH, Chen YY,
Wang LJ, Wang JH, et al. Dysregulated
renin-angiotensin system contributes to acute
lung injury caused by hind-limb ischemia-
reperfusion in mice. Shock 2013;40(5): 420-
429,

Martineau AR, Jolliffe DA, Hooper R,
Greenberg L, Aloia JF, Bergman P, et al.
Vitamin D supplementation to prevent acute
respiratory tract infections: systematic review
and meta-analysis of individual participant
data. British medical journal 2017;356: i6583.
Laplana M, Royo JL, Fibla J. Vitamin D
Receptor  polymorphisms and risk of
enveloped virus infection: A meta-analysis.
Gene 2018;678:384-394.

Bid HK, Konwar R, Aggarwal CG, Gautam
S, Saxena M, Nayak VL, et al. Vitamin D
(Fokl,

polymorphisms and type 2 diabetes mellitus: a

receptor Bsml and Taql) gene
North Indian study. Indian journal of medical
sciences 2009; 63(5):187-194.

Lurie G., Wilkens LR, Thompson PJ,
Carney ME, Palmieri RT, Pharoah PD, et
rs2228570

polymorphism and invasive ovarian carcinoma

al. Vitamin D receptor
risk: pooled analysis in five studies within the
Ovarian Cancer Association Consortium.
International journal of cancer 2011;128(4):

936-943. doi:10.1002/ijc.25403

20.Cox MB, Ban M, Bowden NA, Baker A,

Scott RJ, Lechner-Scott J. Potential

association of vitamin D  receptor
polymorphism Tagl with multiple sclerosis.

Multiple sclerosis 2012;18(1):16-22.


http://dx.doi.org/10.1002/ijc.25403

Eldeeb MK etal./ Microbes and Infectious Diseases 2025; 6(2): 455-474

470

21. Usategui-Martin R, De Luis-Roméan DA,
Fernandez-Gémez JM, Ruiz-Mambrilla M,
Pérez-Castrillon JL. Vitamin D Receptor
(VDR) Gene Polymorphisms Modify the
Response to Vitamin D Supplementation: A
Systematic Review and Meta-Analysis.
Nutrients 2022; 14(2):360.

22.Roth DE, Jones AB, Prosser C, Robinson
JL, Vohra S. Vitamin D receptor
polymorphisms and the risk of acute lower
respiratory tract infection in early childhood.
The Journal of Infectious Diseases
2008;197(5):676-680.

23. Kresfelder TL, Janssen R, Bont L, Pretorius
M, Venter, M. Confirmation of an association
between single nucleotide polymorphisms in
the VDR gene with respiratory syncytial virus
related disease in South African children.
Journal of Medical Virology 2011;
83(10):1834-1840.

24, Jurutka PW, Remus LS, Whitfield GK,
Thompson PD, Hsieh JC, Zitzer H. etal. The
polymorphic N t34erminus in human vitamin
D receptor isoforms influences transcriptional
activity by modulating interaction with
transcription  factor 11B. Molecular
endocrinology 2000;14(3):401-420.

25. Uitterlinden AG, Fang Y, Van Meurs JB,
Pols HA, Van Leeuwen JP. Genetics and
biology of vitamin D receptor polymorphisms.
Gene 2004;338(2):143-156.

26.Subanada 1B, Bakta IM, Suryawan IWB,
Astawa P, Satriyasa BK. Association
between Vitamin D Level, Vitamin D Receptor
Gene Polymorphisms, and Cathelicidin Level
to Acute Lower Respiratory Infections, and the
Picture of Exon 2-Vitamin D Receptor Gene
Polymorphisms in Children under 5 years old.
Open Access Macedonian Journal of Medical
Sciences 2020;8(B): 536-541.

27. Apaydin T, Polat H, Dincer Yazan C, llgin
C, Elbasan O, Dashdamirova S, et al. Effects
of vitamin D receptor gene polymorphisms on
the prognosis of COVID-19. Clinical
endocrinology 2022;96(6):819-830.

28. Jafarpoor A, Jazayeri SM, Bokharaei-Salim
F, Ataei-Pirkooh A, Ghaziasadi ., Soltani S,
et al. VDR gene polymorphisms are associated
with the increased susceptibility to COVID-19
among iranian population: A case-control
study. International journal of immunogenetics
2022;49(4):243-253.

29.Bromage S, Tselmen D, Bradwin G, Holick
MF, Ganmaa D. Validation of summer and
winter ELISA measurements of serum 25-
hydroxyvitamin D  concentrations in
Mongolia. Asia Pacific Journal of Clinical
Nutrition 2017; 26(6):987-993.

30.Yang Y, Hebron HR, Hang J. High
performance DNA purification using a novel
ion exchange matrix. Journal of Biomolecular
Techniques 2008; 19(3):205-210.
PMC2563929

31.Gao Y, Yan L, Huang, Liu F, Zhao Y,
Cao L, et al. Structure of the RNA-dependent
RNA polymerase from COVID-19 virus.
Science (New York, N.Y.)
2020;368(6492):779-782.

32.World meter. COVID-19 Coronavirus
pandemic. Retrieved
https://www.worldometers.info/coronavirus/.
[Accessed in: Aug, 2022].

33. Lovato A, de Filippis C. Clinical Presentation
of COVID-19: A Systematic Review Focusing
on Upper Airway Symptoms. Ear, Nose, &
Throat Journal 2020;99(9):569-576.

34.Huang Z, Tian D, Liu Y, Lin Z, Lyon CJ,
Lai W, et al. Ultra-sensitive and high-
throughput CRISPR-powered COVID-19


https://pmc.ncbi.nlm.nih.gov/articles/PMC2563929/
https://www.worldometers.info/coronavirus/

Eldeeb MK etal/ Microbes and Infectious Diseases 2025; 6(2): 455-474

35.

36.

37.

38.

39.

40.

41,

42,

471
diagnosis. Biosensors &  Bioelectronics US Preventive Services Task Force
2020;164:112316. Recommendation Statement. JAMA 2021;

Li H, Liu L, Zhang D, Xu J, Dai H, Tang N,
SARS-CoV-2 and viral
observations and hypotheses. Lancet 2020;
395(10235):1517-1520.

Ebadi M, Montano-Loza AJ. Perspective:

et al sepsis:

improving vitamin D status in the management
of COVID-19. European Journal of Clinical
Nutrition 2020;74(6):856-859.

QinC, Zhou L, Hu Z, Zhang S, Yang S, Tao
Y, et al. Dysregulation of Immune Response in
Patients With Coronavirus 2019 (COVID-19)
in Wuhan, China. Clinical Infectious Diseases
2020;71(15):762-768.
doi:10.1093/cid/ciaa248

Aw D, Silva AB, Palmer DB.
Immunosenescence: emerging challenges for
an  ageing  population.
2007;120(4):435-446.

Weiss P, Murdoch DR. Clinical course and

Immunology

mortality risk of severe COVID-19. Lancet
2020;395(10229):1014-1015.

Yang X, YuY, Xu J, Shu H, Xia J, Liu H, et
al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in
Wuhan,
retrospective, observational study. The Lancet
Respiratory Medicine 2020;8(5):475-481.
Cashman KD,

Schoemaker RJ, Prévéraud DP, Macdonald

China: a single-centered,

van den Heuvel EG,

HM, Arcot J. 25-Hydroxyvitamin D as a
Biomarker of Vitamin D Status and Its
Modeling to Inform Strategies for Prevention
of Vitamin D Deficiency within the

Population. Advances in Nutrition
2017;8(6):947-957.

Krist AH, Davidson KW, Mangione CM,
Cabana M, Caughey AB, Davis EM, et al.

Screening for Vitamin D Deficiency in Adults:

43.

44,

45,

46.

47.

48.

49.

50.

325(14):1436-1442.

Jones G. Pharmacokinetics of vitamin D
toxicity. The American Journal of Clinical
Nutrition 2008; 88(2):582S-586S.

De Pascale G, Quraishi SA. Vitamin D status
in critically ill patients: the evidence is now
bioavailable! Critical Care (London, England)
2014;18(4):449.

Campi I, Gennari L, Merlotti D, Mingiano
C, Frosali A, Giovanelli L, et al. Vitamin D
and COVID-19 severity and related mortality:
a prospective study in Italy. BMC Infectious
Diseases 2021;21(1):566.

Al Kiyumi MH, Kalra S, Davies JS, Kalhan
A. The impact of vitamin D deficiency on the
severity of symptoms and mortality rate among
adult patients with covid-19: A systematic
review and meta-analysis. Indian Journal of
Endocrinology and  Metabolism  2021;
25(4):261-282.

Kaya MO, Pamukgu E, Yakar B. The role of
vitamin D deficiency on COVID-19: a
systematic review and meta-analysis of

observational studies. Epidemiology and
Health 2021;43:€2021074.

Chiodini I, Gatti D, Soranna D, Merlotti D,
Mingiano C, Fassio A, et al. Vitamin D Status
and SARS-CoV-2 Infection and COVID-19
Clinical Outcomes. Frontiers in Public Health
2021; 9:736665.

Mitchell F. Vitamin-D and COVID-19: do
deficient risk a poorer outcome? The Lancet.
Diabetes & Endocrinology 2020;8(7):570.
Baeke F, Takiishi T, Korf H, Gysemans C,
Mathieu C. Vitamin D: modulator of the
Current

immune  system. Opinion in

Pharmacology 2010;10(4):482-496.


http://dx.doi.org/10.1093/cid/ciaa248

472

Eldeeb MK etal./ Microbes and Infectious Diseases 2025; 6(2): 455-474

51.

52.

53.

54.

55.

56.

57.

Penna G, Adorini L. 1 Alpha,25-
dihydroxyvitamin D3 inhibits differentiation,
maturation, activation, and survival of
dendritic cells leading to impaired alloreactive
T cell activation. Journal of Immunology
2000;164(5):2405-2411.

Wang TT, Nestel FP, Bourdeau V, Nagai Y,
Wang Q, Liao J, et al. Cutting edge: 1,25-
dihydroxyvitamin D3 is a direct inducer of
antimicrobial peptide gene expression. Journal
of Immunology 2004;173(5):2909-2912.
Chang JM, Kuo MC, Kuo HT, Hwang SJ,
JC, Chen HC, et al. 1-alpha,25-
Dihydroxyvitamin D3 inducible
RNA
release in
macrophage-like RAW 264.7 cells. The
Journal of Laboratory and Clinical Medicine
2004;143(1):14-22.

Gombart AF. Vitamin D: oxidative stress,

Tsai
regulates
nitric  oxide

synthase messenger

expression and nitric oxide

immunity, and aging. New York: CRC Press.
2012.

Fisher SA, Rahimzadeh M, Brierley C,
Gration B, Doree C, Kimber CE, et al. 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 2019;14(9):
€0222313.

Tang J, Zhou R, Luger D, Zhu W, Silver PB,
Grajewski RS, et al. Calcitriol suppresses
antiretinal autoimmunity through inhibitory
effects on the Th17 effector response. Journal
of Immunology 2009;182(8):4624-4632.
d0i:10.4049/jimmunol.0801543

Rehan VK, Torday JS, Peleg S, Gennaro L,
Vouros P, Padbury J, et al. 1Alpha,25-
dihydroxy-3-epi-vitamin D3, a natural
metabolite of lalpha,25-dihydroxy vitamin

58.

59.

60.

61

62.

63.

D3: production and biological activity studies
in pulmonary alveolar type 11 cells. Molecular
Genetics and Metabolism 2002;76(1):46-56.
Dancer RC, Parekh D, Lax S, D'Souza V,
Zheng S, Bassford CR, et al. Vitamin D
deficiency contributes directly to the acute
respiratory distress syndrome (ARDS). Thorax
2015;70(7):617-624.

Annweiler G, Corvaisier M, Gautier J,
Dubée V, Legrand E, Sacco G, et al. Vitamin
D supplementation associated to better
survival in hospitalized frail elderly COVID-
the GERIA-COVID quasi-

study.

19 patients:
experimental Nutrients
2020;12(11):3377.

Castillo ME, Costa LME, Barrios JMV,
Diaz JFA, Miranda JL, Bouillon R, et al.
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

2020;203:105751.

.Cereda E, Bogliolo L, Klersy C, Lobascio F,

Masi S, Crotti S, et al. Vitamin D 250H
deficiency in COVID-19 patients admitted to a
tertiary referral hospital. Clinical Nutrition
(Edinburgh, Scotland) 2021;40(4): 2469-2472.
AlKhafaji D, Al Argan R, Albaker W, Al
Elg A, Al-Hariri M, AlSaid A, et al. The
Impact of Vitamin D Level on the Severity and
Outcome of Hospitalized Patients with
COVID-19 Disease. International Journal of
General Medicine 2022;15:343-352.

L, Castillo EC,

Rodriguez-Lépez C, Villarreal-Calderén

Elizondo-Montemayor

JR, Gémez-Carmona M, Tenorio-Martinez
S, et al. Seasonal Variation in Vitamin D in

Association  with ~ Age,  Inflammatory


http://dx.doi.org/10.4049/jimmunol.0801543

Eldeeb MK etal/ Microbes and Infectious Diseases 2025; 6(2): 455-474

473

64.

65.

66.

67.

68.

69.

70.

Cytokines, Anthropometric Parameters, and
Lifestyle Factors in Older Adults. Mediators of
Inflammation 2017:5719461.

Hopefl R, Ben-Eltriki M, Deb S. Association
Between Vitamin D Levels and Inflammatory
Markers in COVID-19 Patients: A Meta-
Analysis of Observational Studies. Journal of
Pharmacy & Pharmaceutical Sciences 2022;
25 :124-136.

Daneshkhah A, Eshein A, Subramanian H,
Roy HK, Backman V. The Role of Vitamin D
in Suppressing Cytokine Storm in COVID-19
Patients and Associated Mortality. Med Rxiv
2020.

Hernandez JL, Nan D, Fernandez-Ayala M,
Garcia-Unzueta M, Hernandez-Hernandez
MA, Lépez-Hoyos M, et al. Vitamin D Status
in Hospitalized Patients with SARS-CoV-2
Infection.  The
Endocrinology and Metabolism 2021; 106(3):
e1343-e1353.

Demir M, Demir F, Aygun H. Vitamin D
deficiency is associated with COVID-19

Journal of  Clinical

positivity and severity of the disease. Journal
of Medical Virology 2021; 93(5): 2992

Mirchi E, Saghafi H, Gharehbeglou M,
M, Rezaian Z, Ghaviahd M.

Association between 25-hydroxyvitamin D

Aghaali

level and inflammatory and nutritional factors
in hemodialysis and peritoneal dialysis patients
in Qom, Iran. Iranian Journal of Kidney
Diseases 2016; 10(4): 205-212.

Kara AV,

between vitamin D and inflammatory markers

Soylu YE. The relationship

in  maintenance  hemodialysis  patients.

International  Urology and
2019;51(9): 1659-1665.

Akbas EM, Gungor A, Ozcicek A, Akbas N,
Askin S,  Polat, M. Vitamin D and

inflammation: evaluation with neutrophil-to-

Nephrology

71.

72.

73.

74.

75.

76.

77.

lymphocyte ratio and platelet-to-lymphocyte
ratio. Archives of Medical Science 2016;
12(4): 721-727.

Skaaby T, Husemoen LL, Borglykke A,
Jargensen T, Thuesen BH, Pisinger C, et al.
Vitamin D status, liver enzymes, and incident
liver disease and mortality:
population study. Endocrine 2014; 47(1): 213-
220.

Baradaran A, Hoseini Z, Hedayati P,

a general

Shirvani R. Evaluation of the relationship
between neutrophil-to-lymphocyte ratio and
25-hydroxy vitamin D levels in hemodialysis
patients, Isfahan, Iran. Journal of Preventive
Epidemiology 2021; 6: €26.

Sengupta T, Majumder R, Majumder S.
Role of vitamin D in treating COVID-19-
associated

coagulopathy: problems and

perspectives.  Molecular and  Cellular
Biochemistry 2021; 476(6): 2421-2427.
Koyama T, Shibakura M, Ohsawa M,
Kamiyama R, Hirosawa S. Anticoagulant
effects of la, 25-dihydroxyvitamin D3 on
human myelogenous leukemia cells and
monocytes. Blood 1998;92(1):160-167.
Yildirim I, Hur E, Kokturk F. Inflammatory
Markers: C-Reactive Protein, Erythrocyte
Sedimentation Rate, and Leukocyte Count in
Vitamin D Deficient Patients with and without
Chronic Kidney Disease. International Journal
of Endocrinology 2013; 802165.

Chen LN, Yang XH, Nissen DH, Chen YY,
Wang LJ, Wang JH, et al. Dysregulated
renin-angiotensin system contributes to acute
lung injury caused by hind-limb ischemia-
reperfusion in mice. Shock 2013b;40(5):420-
429.

Van Etten E, Verlinden L, Giulietti A,
Ramos-Lopez E, Branisteanu DD, Ferreira

GB, et al. The vitamin D receptor gene Fokl



474

Eldeeb MK etal./ Microbes and Infectious Diseases 2025; 6(2): 455-474

polymorphism: functional impact on the

immune  system. Journal  of

Immunology 2007; 37(2):395-405.

European

84.

Bhanushali AA, Lajpal N, Kulkarni SS,
Chavan SS, Bagadi SS, Das BR. Frequency

of fokl and taql polymorphism of vitamin D

78. Zacharioudaki M,  Messaritakis |1, receptor gene in Indian population and its
Galanakis E. Vitamin D receptor, vitamin D association with 25-hydroxyvitamin D levels.
binding protein and CYP27B1 single Indian  Journal of Human Genetics

79.

80.

81.

82.

83.

nucleotide polymorphisms and susceptibility
to viral infections in infants. Scientific Reports
2021;11(1):13835.

Chen C, Liu Q, Zhu L, Yang H, Lu W.
Vitamin D receptor gene polymorphisms on
the risk of tuberculosis, a meta-analysis of 29
case-control studies. PLoS One 2013a;8(12):
e83843.

Selvaraj P, Chandra G, Jawahar MS, Rani
MV, Rajeshwari DN, Narayanan PR.
Regulatory role of vitamin D receptor gene
variants of Bsm I, Apa I, Taq I, and Fok |
polymorphisms on macrophage phagocytosis
and  lymphoproliferative  response  to

mycobacterium  tuberculosis  antigen in
pulmonary tuberculosis. Journal of Clinical
Immunology 2004;24(5): 523-532.

McNally JD, Sampson M, Matheson LA,
Hutton B, Little J. Vitamin D receptor (VDR)
polymorphisms and severe RSV bronchiolitis:
a systematic review and meta-analysis.
Pediatric Pulmonology 2014;49(8): 790-799.
Hamed EO, Abdel-Aal AM, Din AK, Atia
MM. Vitamin D level and Fok-I vitamin D
receptor gene polymorphism in Egyptian
patients with type-1 diabetes. The Egyptian
Journal of Immunology 2013; 20(2): 1-10.
Hossein-Nezhad A, Eshaghi SM, Maghbooli
Z, Mirzaei K, Shirzad M, Curletto B, et al.
The Role of Vitamin D Deficiency and
Vitamin D Receptor Genotypes on the Degree
of Collateralization in Patients with Suspected
Coronary Artery Disease. BioMed Research

International 2014; 304250.

85.

2009;15(3):108-113.

Hassan I, Bhat YJ, Majid S, Sajad P, Rasool
F, Malik RA, et al. Association of Vitamin D
Receptor Gene Polymorphisms and Serum 25-
Hydroxy Vitamin D Levels in Vitiligo - A
Study. Dermatology
Online Journal 2019;10(2):131-138.

Case-control Indian

Eldeeb MK, Daabis RG, Mohamed AA , Badran EM, Magour GM. Serum vitamin D and vitamin D receptor (VDR)
polymorphisms (Fokl and Tagl) as predictors of COVID19 severity: Prospective study in a cohort of Egyptian
COVID-19 natients. Micrabes Infect Dis 2025: 6(2): 455-474.



