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Correlation of the variations in prevalence
of coronavirus disease 2019 and vitamin D
receptor gene polymorphisms in cohorts
from 26 countries

Yirmi alti Ulkeden kohortlarda koronavirus hastaligi
2019 prevalansindaki varyasyonlarin vitamin D
reseptdr gen polimorfizmleriyle korelasyonu

Lutfiye Karcioglu Batur’

Abstract
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Aim: This study aimed to investigate the correlation between the rates of coronavirus disease 2019 (CO- Ggﬁg;?f&&|ty%?cEﬂg{ne'é’rﬁ]%yaiﬁ Natural
VID-19) prevalence and mortality and the frequency of vitamin D receptor (VDR) gene polymorphisms Sciences, Biruni University
at the loci rs7975232 (Apal), rs1544410 (Bsml), rs2228570 (Fokl), and rs731236 (Taq/) in cohorts from 26
countries.

Methods: The study included the use of 26 countries where VDR gene polymorphisms at the loci rs731236
(Taql), rs7975232 (Apal), rs2228570 (Fokl), and rs1544410 (Bsml) were determined and where the rel-
evant frequencies of alleles in healthy populations were reported: Italy, China, Turkey, Japan, Mexico, Rus-
sia, India, Poland, Egypt, Czechia, Ethiopia, Saudi Arabia, Greece, the Netherlands, Korea, Spain, the United
States, Pakistan, Nigeria, Lebanon, the Central African Republic, Finland, Iran, Tunisia, Brazil, and Croatia.
The COVID-19 prevalence and mortality rates (per million population) reported for each country on 6
December 2020 were recorded.

Results: A significant positive correlation was found between the frequency of AA genotype of rs7975232
and the COVID-19 prevalence (r=0.45, r2=0.20, p=0.02) and mortality (r=0.42, r2=017, p=0.03) rates.
Twenty percent of the variability in prevalence and 17% of the variability in mortality could be explained
by the frequency of AA genotype. Similarly, a significant positive correlation was found between the
frequency of TT genotype of rs731236 and the COVID-19 prevalence (r=0.42, r2=0.17, p=0.03) rates. Sev-
enteen percent of the variability in prevalence could be explained by the frequency of TT genotype. The
correlations between the frequency of rs1544410 and rs2228570 and the COVID-19 prevalence and mor-
tality were not significant.

Conclusion: The variation in COVID-19 prevalence in the 26 populations included can be explained by the
polymorphisms at the rs7975232 (Apal) and rs731236 (7aq/) loci.
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Oz

Amag: Bu calismada 26 Ulkeden kohortlarda rs7975232 (Apal), rs1544410 (Bsml), rs2228570 (Fokl),
rs731236 (7Taql) lokuslarinda vitamin D reseptér (VDR) gen polimorfizmi siklidi ile koronavirts hastaligi
2019 (COVID-19) prevalans ve mortalite oranlari arasindaki korelasyonu arastirmak amaclanmistir.
Yoéntem: Calismada rs7975232 (Apal), rs2228570 (Fokl), rs1544410 (Bsm/) ve rs731236 (Taq/) lokuslarinda
VDR gen polimorfizmleri tanimlanmis ve saglikli populasyonlarda ilgili alel frekanslari bildirilmis 26 Glke
kullanildi: italya, Cin, Turkiye, Japonya, Meksika, Rusya, Hindistan, Polonya, Misir, Cekya, Etiyopya, Suudi
Arabistan, Yunanistan, Hollanda, Kore, ispanya, Birlesik Devletler, Pakistan, Nijerya, Libnan, Orta Afrika Received/Gelis : 28.08.2021
Cumbhuriyeti, Finlandiya, Iran, Tunus, Brezilya ve Hirvatistan. Her Ulke icin 6 Aralik 2020 tarihinde bildirilen Accepted/Kabul: 18.10.2021
COVID-19 (milyon populasyonda) prevalans ve mortalite oranlari kaydedildi.

. L . DOI: 10.21673/anadoluklin.987578
Bulgular: rs7975232'nin AA genotipi sikligi ile COVID-19 prevalans (r=0,45; r2=0,20; p=0,02) ve mortalite

(r=0,42; r2=0,17; p=0,03) oranlari arasinda anlamli pozitif korelasyon saptandi. Prevalanstaki degiskenli- Corresponding author/Yazisma yazari
gin %20'si ve mortalitedeki degiskenligin %17’si AA genotipinin sikligi ile agiklanabildi. Yine rs731236’nin Lutfiye Karcioglu Batur
TT genotipi ile COVID-19 prevalans (r=0,42; r2=0,17; p=0,03) oranlari arasinda anlamli pozitif korelasyon Biruni Universitesi, Mtihendislik ve Doga Bilimleri

Fakultesi, Molekuler Biyoloji ve Genetik Bolum,
istanbul, Turkey
E-mail: Ibatur@biruni.edu.tr

saptandi. Prevalanstaki degiskenligin %17’si TT genotipinin sikligr ile agiklanabildi. rs1544410 ve rs2228570
sikhgr ile COVID-19 prevalans ve mortalitesi arasindaki korelasyonlar anlamli degildi.

Sonug: Incelenen 26 poptlasyondaki COVID-19 prevalans varyasyonlari rs7975232 ve rs731236 lokuslarin-
daki polimorfizmler ile aciklanabilir. ORCID

Anahtar sézciikler: D vitamini reseptorU; korelasyon; koronavirts hastaligi 2019; polimorfizm Lutfiye Karcioglu Batur: 0000-0002-4803-9137
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INTRODUCTION

The pandemic of coronavirus disease 2019 (CO-
VID-19), caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has become a
serious health concern worldwide (1). According to
the World Health Organization (WHO) reports, the
global number of confirmed cases and deaths reached
65 million and 1.5 million by 6 December 2020, re-
spectively (2). In Turkey, more than 533 thousand cas-
es and 14 thousand deaths were recorded by the same
date (2). There have been extensive global and national
attempts to develop vaccines for use against the rapid
transmission of the infection. However, the severity of
infection, comorbidities found in patients, and varia-
tions in the genetic background of patients result in
differences in the course, progression and complica-
tions of the disease (1-4).

Vitamin D deficiency (VDD) has been linked to
the risk of upper respiratory infection. With findings
that vitamin D supplementation reduces this risk by
about 19% (5), it is speculated that vitamin D supple-
mentation might be beneficial for COVID-19 patients
with severe VDD (4). Although the underlying mecha-
nisms of the role of VDD in viral infections are not
adequately understood, it is known that several types
of tissues and cells produce 1,25-dihydroxyvitamin D3
(1,25[OH],D,), the active form of vitamin D, which
is subsequently recognized by the vitamin D receptor
(VDR). Many of the biological impacts of 1,25(0OH),D,
are adjusted by binding to the VDR and allowing the
activation and regulation of multiple cellular pathways
(6). Several reports have proposed that the signaling
pathway between vitamin D and VDR may amelio-
rate the lipopolysaccharide-induced acute respiratory
distress syndrome (ARDS), the main complication in
COVID-19, which is regulated via several mechanisms
including the reduction of cytokines and chemokines,
modulation of neutrophil activity, stimulation of epi-
thelial repair, and protection of the unity of pulmonary
epithelial barrier (7,8). Based on these reports, ARDS
may be provoked by VDD and diminished by the stim-
ulation of VDR pathways in COVID-19 (4).

Various genetic polymorphisms have been im-
plicated in the underlying mechanisms of several
diseases, prevention of the spread of infections, and
development of effective therapies. Single-nucleotide

polymorphisms (SNPs) are commonly suggested to
play a role in the host cell invasion mechanisms of
microbiological agents, disease severity, and host re-
sistance and sensitivity (1). Severe symptoms of CO-
VID-19 have been widely reported to be correlated
with variants of genes encoding the vitamin D binding
protein (VDBP), VDR, and agents of the host defense
system (9,10). Recently, we reported that variations in
the COVID-19 prevalence and mortality might be re-
lated to VDBP polymorphisms located at the rs7041
and rs4588 loci (10).

SNPs in genes encoding proteins of the vitamin D
metabolism are related to the severity of several viral
infections or the success of protections against those
infections (11). SNPs located in VDR genes are asso-
ciated with infectious and autoimmune diseases (12).
The rs1544410 (BsmI) polymorphism was found to be
associated with increased resistance to HIV infection
and delayed progression of acquired immunodeficiency
syndrome (AIDS), suggesting an increased response to
vitamin D (13). Other VDR-SNPs have been shown to
be associated with distinct clinical phenotypes and dif-
ferent degrees of severity of hepatitis B infection (14).
Therefore, genetic variation in the vitamin D metabo-
lism has paramount importance in understanding the
association between VDD and the course, prognosis,
and mortality of viral infections, including COVID-19.
Accordingly, this study involving cohorts from 26
countries aimed to investigate the correlation between
the frequency of VDR gene polymorphisms at the loci
1s7975232 (Apal), rs2228570 (FokI), rs1544410 (Bsml),
and rs731236 (Tagl) (the four most common VDR-
SNPs) and the COVID-19 prevalence and mortality.

I
MATERIALS AND METHODS
In order to reduce confounding bias (geographi-

cal, age, sex, race, etc.), the study included the use
of countries where VDR gene polymorphisms at the
loci rs7975232 (Apal), rs2228570 (FokI), rs1544410
(BsmlI), and rs731236 (Taql) were determined and
where the relevant allele frequencies in healthy co-
horts were reported. The following 26 countries were
included: Italy, China, Turkey, Japan, Mexico, Rus-
sia, India, Poland, Egypt, Czechia, Ethiopia, Saudi
Arabia, Greece, the Netherlands, Korea, Spain, the
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Table 1. Genotype frequencies of the VDR polymorphisms at the loci rs1544410 (BsmlI), rs2228570 (FoklI), rs7975232 (Apal), and rs731236

(Tagl) and the COVID-19 prevalence and mortality for each country as reported by WHO on 6 December 2020.
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The prevalence of a health condition is the number of individuals who have the condition at the moment of observation.
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Table 2. Correlation between the frequencies of the VDR polymorphisms at the loci rs1544410 (Bsml), rs2228570 (FokI), rs7975232 (Apal),
and rs731236 (Taql) and the COVID-19 prevalence and mortality in all cohorts

Prevalence per million Mortality per million

VDR polymorphism Genotype r P r P
AA -0.01 0.97 -0.05 0.82
rs1544410 (BsmlI) AG 0.29 0.16 0.24 0.26
GG -0.08 0.72 0.01 0.99
CC 0.17 0.40 0.14 0.50
12228570 (Fokl) CT 0.19 0.35 0.16 0.43
TT -0.19 0.35 -0.17 0.39
AA 0.45 0.02 0.42 0.03
157975232 (Apal) AC -0.02 0.93 -0.01 098
CC 0.01 0.99 -0.06 0.76
15731236 (Tag) T 0.42 0.03 0.27 0.17
CT -0.24 0.24 -0.18 0.39
CC 0.35 0.08 0.31 0.12

r: Spearman’s rho; VDR: vitamin D receptor

United States (US), Pakistan, Nigeria, Lebanon, the
Central African Republic (CAR), Finland, Iran, Tuni-
sia, Brazil, and Croatia (15-45). The total number of
confirmed cases and number of confirmed cases per
million population reported in the WHO Weekly Epi-
demiological Update—6 December 2020 were used as
the COVID-19 prevalence and mortality data on each
country (2).

Statistical analysis

Statistical analysis was performed using the SPSS (v.
22) software. Normality of the data was checked us-
ing the Shapiro-Wilk test with kurtosis and skewness
values. The amount of data in each group being insuf-
ficient, the variables did not show normal distribution.
Spearman’s correlation coefficient (rho) was used to
assess the relationship between independent variables.
p<0.05 was considered statistically significant.

Study ethics
No ethical approval was sought because of the nature
of the study.

|
RESULTS

The diversities of rs1544410 (BsmI) polymorphism in-
dicated that the cohorts of Italy, China, Russia, India,
Poland, Turkey, Egypt, Czechia, Saudi Arabia, Greece,

the Netherlands, Spain, the US, Nigeria, Lebanon,
the CAR, Tunisia, Brazil, and Croatia frequently had
the AG (Bb) genotype whereas the cohorts of Japan,
Mexico, Korea, Pakistan, Finland, and Iran frequently
had the GG (bb) genotype (Table 1). The frequencies
of rs2228570 (FokI) polymorphism indicated that the
cohorts of Italy, Ethiopia, Saudi Arabia, Greece, Spain,
Nigeria, India, Lebanon, and Iran frequently had the
CC (FF) genotype while the cohorts of China, Japan,
Mexico, Poland, Czechia, the Netherlands, Korea, the
US, the CAR, Finland, Tunisia, Brazil, and Croatia
frequently had the CT (Ff) genotype. The cohorts of
Turkey, Russia, Egypt, and Pakistan had the highest
frequency of TT (ff) genotype of the rs2228570 locus
(Table 1).

The frequencies of rs7975232 (Apal) polymor-
phism indicated that the cohorts of Italy, Turkey,
Egypt, Ethiopia, Saudi Arabia, Pakistan, Nigeria, and
Lebanon frequently had the AA genotype whereas
the cohorts of Mexico, Russia, India, Poland, Czechia,
Greece, the Netherlands, Spain, the US, the CAR, Fin-
land, Iran, Tunisia, Brazil, and Croatia frequently had
the AC genotype. The cohorts of China, Japan, and Ko-
rea had the highest frequencies of CC genotype of the
rs7975232 locus (Table 1). The diversities of rs731236
(Tagl) polymorphism indicated that the cohorts of
China, Turkey, Japan, Mexico, Russia, Saudi Arabia,
Greece, Korea, Spain, Nigeria, Finland, and Croatia
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Figure 1. Spearman’s rank correlation analysis of the relationship
between COVID-19 prevalence and the frequency of AA genotype
of 1s7975232 (Apal) recorded in each population

0.4, 12: 0,19, p< 0.05
60000
B
= 50000 . .
: °
5 40000
S
2 30000 .
EEC R R A
Sl I I = s .
—g ................. o
g 10000 |/ coserme=g 6. . ..
4 R |
08e o . i .
0 10 50 . L |
Frequency of AC Genotype

Figure 2. Spearman’s rank correlation analysis of the relationship
between COVID-19 mortality and the frequency of AA genotype at
1rs7975232 (Apal) recorded in each population

frequently had the TT genotype whereas the cohorts
of Italy, India, Poland, Czechia, Ethiopia, the Nether-
lands, the US, Pakistan, Lebanon, the CAR, Iran, Tu-
nisia, and Brazil frequently had the CT genotype. Only
the Egyptian cohort had a high frequency of CC geno-
type of the rs731236 locus (Table 1).

According to the total COVID-19 prevalence and
mortality for each country as reported on 6 December
2020, Czechia and the US had the highest number of
cases per million population while Spain and Italy had
the highest mortality per million (Table 1).

The association between the rs1544410 (BsmlI) and
rs2228570 (FokI) polymorphism frequencies and the
COVID-19 prevalence and mortality figures indicated
that the COVID-19 figures were not significantly cor-
related with the frequency of any genotype (p>0.05)
(Table 2).

The association between the frequencies of
1rs7975232 (Apal) polymorphism and the rates of CO-
VID-19 prevalence and mortality indicated a posi-
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tive correlation between the frequency of AA geno-
type and the number of confirmed cases per million
(r=0.45, r’=0.20, p=0.02) and the rate of mortality per
million (r=0.42, r*=0.17, p=0.03). However, there was
no significant correlation with the other genotypes of
rs7975232 polymorphism (Table 2). Twenty percent of
the variability in prevalence and 17% of the diversity
in mortality could be explained by the frequency of
AA genotype of rs7975232 reported for the selected
cohorts (Figure 1 and 2).

Similarly, the association between the frequencies
of 15731236 (Taql) polymorphism and the prevalence
and mortality data on each country indicated a positive
correlation between COVID-19 prevalence and the fre-
quency of TT genotype (r=0.42, r*=0.17, p=0.03). Sev-
enteen percent of the variability in prevalence could be
explained by the frequency of TT genotype of rs731236
(Figure 3). However, no significant correlation was
found with the other genotypes of rs731236 polymor-
phism (Table 2). No correlation was found between
mortality and alleles of the rs731236 locus (Table 2).

|
DISCUSSION AND CONCLUSION

In the present study, the frequencies of AA genotype of
rs7975232 (Apal) and TT genotype of rs731236 (Tagql)
were found to be correlated with COVID-19 preva-
lence in all of the 26 cohorts, especially those from

Italy, Turkey, Egypt, Ethiopia, Saudi Arabia, Pakistan,
Nigeria, and Lebanon, of which the frequent genotype
was the AA genotype of rs7975232, and those from
China, Turkey, Japan, Mexico, Russia, Saudi Arabia,
Greece, Korea, Spain, Nigeria, Finland, and Croatia, of
which the frequent genotype was the T'T genotype of
rs731236. The AA genotype of rs7975232 (Apal) SNP
was also found to be correlated with mortality in all
cohorts. However, SNPs at the particular loci of BsmI
and FokI might not be correlated with COVID-19
prevalence and mortality. Although the frequencies
of Apal and Tagql gene polymorphisms might not be
directly linked to COVID-19 prognosis and severity,
current findings suggest that the Apal and Tagql al-
lele carrier status may be linked to diversities in the
COVID-19 prevalence and mortality. This correlation
analysis supports the assumption that certain VDR
polymorphisms play a crucial role in the uncontrolled
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Figure 3. Spearman’s rank correlation analysis of the relationship
between COVID-19 prevalence and the frequency of TT genotype
at rs731236 (Taql) recorded in each population

spread and high mortality worldwide despite the ex-
tensive measures taken and vaccines being used.

The secretion of several cytokines from immune
cells is mediated by the control of 1,25(OH),D, as VDR
is expressed in all immune cells. In fact, 1,25(0H),D,
stimulates the innate immune defense system by al-
lowing the attenuation of the acquired immune system
(46). Furthermore, monocytic and antigen-presenting
cells can express CYP27B1 for the auto/paracrine pro-
duction of 1,25(0H),D, in the immune system. In
addition, the respiratory epithelium expresses VDR
and CYP27B1, suggesting being a target tissue for
products of the vitamin D endocrine system (47). The
risk of upper respiratory infections arises in patients
with VDD and, accordingly, vitamin D supplemen-
tation may reduce that risk (5). Thus, there may be a
number of possible associations between viral infec-
tions including COVID-19 and the vitamin D status
of patients (4), despite the lack of reports on the cor-
relation between frequency of VDR gene variants and
COVID-19 prevalence and mortality. In our study, a
significant positive correlation was found between
the frequency of AA genotype of rs7975232 and the

COVID-19 prevalence and mortality, and 20% of the
variability in prevalence and 17% of the variability in
mortality could be explained by the variation in the
frequency of AA genotype. Moreover, a significant
positive correlation was found between the frequency
of TT genotype of 1s731236 and the COVID-19 preva-
lence, and 17% of the variability in prevalence could
be explained by the diversity in the frequency of TT
genotype. Briefly, the VDR gene variation among na-
tions may be associated with COVID-19 prevalence.
No significant correlation was found between the fre-
quencies of variants at the rs1544410 and rs2228570
loci and the COVID-19 prevalence and mortality.
This may result from the variation in immune profiles
based on the genetic background. Therefore, the role
of the BsmlI and FokI genes cannot be excluded from
the predisposition genes for the disease as other SNPs
in VDR genes may also take part in the regulation of
subsequent gene expression. Further correlation stud-
ies on those other SNPs are needed to determine the
association between VDR gene regulation and CO-
VID-19 severity and progression.

It is important to elucidate the underlying mecha-
nisms of genetic background variation which result in
diversities in the national COVID-19 prevalence and
mortality since the data on the infection are limited.
Moreover, the variation observed between studies
could be caused by different patient ethnicities in a
given country and the use of different study designs
with different sample sizes and/or control groups.
Nevertheless, there is an increasing body of data sug-
gesting that the vitamin D metabolism actively takes
part in the antiviral immune responses (48). The role
of the vitamin D axis including vitamin D metabolites,
VDBP, and VDR was reported in respiratory diseas-
es including ARDS, chronic obstructive pulmonary
disease, and tuberculosis (49). If the vitamin D axis
participates in the COVID-19 pathogenesis, varia-
tion in VDR genes could be related to host resistance
or predisposition to the infection. However, it is still
required to clarify the connection between VDR gene
polymorphisms and the increased risk of COVID-19
in each population. Therefore, our findings can help to
elucidate the host genetic background which may have
a role in the variation in COVID-19 prevalence and
mortality among cohorts.
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Finally, the present study has several limitations,
including the assumption that VDR polymorphisms
in the selected samples follow the same frequencies as
the cohorts reported in previous studies. Furthermore,
the present study did not have complete data for all
countries included in terms of all frequencies of three
alleles of the four VDR genes investigated. Another
limitation is that the WHO data used for COVID-19
prevalence and mortality were valid only for the date
of publication; the figures have since been increas-
ing around the world. In addition, the study included
no measurement of serum or tissue levels of VDR in
healthy controls for comparison with those in CO-
VID-19 patients. However, the present findings per-
taining to 26 countries suggest a potential correlation
between VDR gene polymorphisms and COVID-19
prevalence, although ethnicity, age and sex differenc-
es, comorbidities, and the size of the sample recruited
from each population may change the frequencies re-
ported in different studies. In the present study, some
of these effects were reduced by the use of current data
from recent studies with large and various samples, as
in a previous study on the correlation between inter-
leukin gene polymorphisms and COVID-19 preva-
lence and mortality in 23 countries (50). However,
even the frequencies for healthy subjects selected from
specific regions within the same country may differ.
All of these limitations can be reduced by measuring
mean VDR levels, determining VDR gene allele fre-
quencies, and assessing the correlation with the COV-
ID-19 progression and severity in a given population,
although such studies are currently lacking.

In conclusion, the correlation between frequencies
of VDR gene polymorphisms and COVID-19 preva-
lence and mortality may depend on genetic factors
involving the immune profiling, the host defense sys-
tem, and the highly polymorphic VDR gene structure.
Aside from genetic background, the prevalence of CO-
VID-19 does not represent the severity of COVID-19,
with other factors affecting the number of cases in
each country, including the antiepidemic measures
taken and the social attitude toward the vaccines. It
is plausible to suggest that genetic variations in genes
expressing vitamin D metabolites and the activity of
those metabolites may influence the predisposition,
progression, and outcomes of COVID-19 infection.
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Further studies with larger samples of infected indi-
viduals are required to clarify the role of the vitamin
D metabolism and genetic variations in COVID-19
severity and progression.
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